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EXECUTIVE SUMMARY 

This Final Annual RepoH for Treatability Studies Program - Fiscal Year 1993 (FY 93) presents a 
summary of activities completed under the Environmental Restoration (ER) Treatability Studies 
Program at the Rocky Flats Plant (RFP). The ER Treatability Studies Program coordinates site 
characterization activities, Resource Conservation and Recovery Act (RCRA) facility 
investigation/remedial investigations, corrective measures studies/feasibility studies (RFI/Rls, 
CMSs/FSs), and remedial and/or corrective actions which address environmental contamination on 
a sitewide basis a t  RFP. These efforts are conducted in accordance with the Interagency 
Agreement (IAG) signed by the U. S. Department of Energy (DOE), the U. S. Environmental 
Protection Agency (EPA), and the Colorado Department of Health (CDH). 

An overall Treatability Studies Plan (TSP) and annual reports for FY 91 and FY 92 have been 
prepared prior to this report. The earlier documents identified and evaluated the applicability of a 
wide variety of potential remediation treatment technologies and a status of activities for each 
fiscal year. The TSP was prepared pursuant to the IAG, while the annual reports have been 
prepared in accordance with agreements between the EPA and DOE. 

The FY 93 Annual Report provides: 

a A summary of new environmental site characterization data from the Rocky Flats 
Environmental Database System (RFEDS). 

a A complete review of preliminary chemical-specific Treatability Study Benchmarks 
(TSBs). TSBs are standards used in developing sitewide Applicable or Relevant and 
Appropriate Requirements (ARARs) . 

a A literature search review to identify new and/or innovative potentially applicable 
treatment technologies. 

, A complete review of active and/or planned RFP treatability studies and Interim 

Measures/lnterim Remedial Actions (IMs/lRAs), which include: 

- Operable Unit (OU) 1 groundwater treatment under an IM/IRA 

- OU 2 surface water IM/IRA 

- OU 2 subsurface soils Interim Measures/lnterim Remedial Action Plan 

(IMIIRAP) 
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OU 3 portable wind tunnel studies 

The current status of OU 4 interim activities and treatability projects 

Water treatment using a proprietary colloid polishing filter as part of the 
Superfund Innovative Technology Evaluation (SITE) program 

Various plutonium-in-soils treatability studies 

Colloidal and solution phase transport of plutonium and americium in 
groundwater 

A sitewide treatability study for commercially-available adsorbents and ion 
exchange resins for water treatment 

A treatability study to evaluate thermally-enhanced aqueous extraction of 
radionuclides 

A discussion of the RFP Comprehensive Treatment Management Plan 
(CTMPI 

The sitewide treatability study/feasibility study integration at RFP 

A proposed oxidation/reduction (redox) processes treatability study plan 

A proposed photocatalytic detoxification process for aqueous waste 
streams using ultraviolet light 

Issues surrounding secondary residues from trearability studies 

A comprehensive review of the RFP technology screening process, as 
presented in the TSP, by an outside review committee. 

0 A review of future plans, priorities, and schedules for RFP treatability projects. 

e A screening and selection of potentially applicable treatment technologies for use 
at RFP in the future. Four treatment technologies newly identified during 
completion of the FY 93 Annual Report are: 



- Biosorption for capture/degradation of pesticides in aqueous media 

- Membrane-based oil extraction for metal ion isolation in aqueous media 

- Ultrasonic degradation of volatile organic compounds (VOCs) in aqueous 
media 

- X-ray treatment for VOCs in aqueous media. 

Technologies initially evaluated in the TSP or either the FY91 or FY92 annual reports were 
reevaluated in this repon. The reevaluation included a review of the reasons stated in the TSP or 
previous annual reports for eliminating certain technologies from further consideration in the Rocky 
Flats Sitewide Treatability Study Program. If a technology was eliminated because it was known 
to be ineffective at treating a particular waste stream, then it was not considered further as part 
of the FY 93 Annual Report technology screening. If, however, a technology was eliminated due 
to a lack of supporting performance data (Le., the technology was in a very early stage of 
development) a reconsideration of the technology was made in the FY 93 screening. 

A literature search of treatment technology data revealed no additional documented efforts that 
warranted returning the previously eliminated technologies to the Rocky Flats Sitewide Treatability 
Study Program. However, the literature search did identify four new technologies that were not 
previously identified in the TSP or annual reports. After the technology screening process was 
completed, a determination was made that these four new technologies were not appropriate for 
future treatability testing under the Rocky Flats Sitewide Treatability Study Program. Detailed 
descriptions of the four newly identified treatment technologies are presented in this report. A 
description of the reevaluation process for specific water and soil/sediment treatment technologies 
recommended for treatability testing in the TSP is presented in Section A.3, Appendix A of this 
report. 

... 
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1 .o 
INTRODUCTION 

The Final Annual Report for Treatability Studies at Rocky Flats Plant - Fiscal Year 1993 (hereinafter 
referred to as the FY 93 Annual Report) summarizes activities directly associated with the 
Treatability Studies Program of the Rocky Flats Plant (RFP) Environmental Restoration (ER) 
Program. The purpose of the ER Program is to coordinate the performance of environmental site 
characterization activities, Resource Conservation and Recovery Act (RCRA) facility 
investigation/remedial investigations, corrective measures studiedfeasibility studies (RFVRls, 
CMSs/FSs), and remedial and/or corrective actions for individual operable units (OUs) sitewide if 
necessary. The FY 93 Annual Report addresses the status of the treatability studies and the data 
completed between the period beginning October 1, 1992 and ending September 30, 1993. 

' 

Erivironmental contaminants of concern have been identified in OUs 1, 2, 4, 5, 6, 7, 1 1, and the 
Industrialized Area OU (Le., OUs 8, 9, 10, 12, 13, and 14). The RFP Sitewide Treatability Study 
Program was initiated to identify and evaluate remediation treatment technologies potentially 
applicable to contaminants specifically identified at more than one OU. A technology screening 
process was formalized in the Final Treatability Studies Plan (TSP) (EG&G 1991 a). New and/or 
innovative technologies have been identified and subjected to  this same screening process as part 
of previous annual reports. The FY 93 Annual Report also identifies and evaluates new potentially 
applicable technologies and completes a review, reevaluation, and rescreening of relevant 
treatment technologies originally described in the TSP and the previous annual reports (EG&G 
1992a; EG&G 1993a). 

To supplement the technology review and status update for treatability study activities a t  RFP, 
recently collected site characterization data for the OUs have been reviewed and compared to 
preliminary chemical-specific Treatability Study Benchmarks (TSBs). TSBs are numerical chemical 
concentrations published by various regulatory agencies and they may form the basis for evaluating 
Applicable or Relevant and Appropriate Requiremenrs (ARARs). A preliminary chemical-specific 
TSB review was necessary to  ensure standards developed or under consideration since issuance 
of the FY 92 Annual Report were addressed. 

The following briefly describes the sections and organization of this report. 

1.1 SUMMARY OF NEW CHARACTERIZATION DATA 

Analytical site characterization data made available from the Rocky Flats Environmental Database 
System (RFEDS) since the FY 92 Annual Report are reviewed in Section 2. The data review 
provided information with regard to the presence of potential contaminants at RFP not previously 
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identified; and, the presence of contaminants differing in concentration from those previously 
detected (FY 91 and 92 Annual Repons). In addition, the RFEDS data includes new contaminant 
data recently validated and/or corrected since the FY 92 Annual Report. As a result of this review, 
contaminants and their maximum and minimum concentrations were identified for various media 
for eight OUs. The contaminant summary data table from the FY 92 Annual Report was updated 
for this report. 

1.2 PRELIMINARY CHEMICAL-SPECIFIC TSBS REVIEW 

A review of potential Federal and State chemical-specific TSBs (i.e., state groundwater quality 
standards, Federal surface water quality standards, statewide and basin surface water quality 
standards, and stream segment surface water standards) has been conducted and is presented in 
Section 3. Revisions to information from the FY 92 Annual Report were made based on this 
review. Preliminary chemical-specific TSBs may be considered as preliminary remediation goals 
to be used in the RFI/RI, CMS/FS process for individual OUs. Preliminary TSBs identified 
hereinafter are consistent with RFP’s Potential Sitewide Table of Benchmarks, and may be used 
in the initial development of potential sitewide ARARs for environmental remediation. The 
benchmark table was conditionally-approved by the Colorado Department of Health (CDH) in FY 
93 pending incorporation of specific CDH comments for chemical-spe&fic standards. U. S. 
Environmental Protection Agency (EPA) comments received to date have been incorporated by 
EG&G Rocky Flats, Inc. (hereinafter referred to as EG&G) into the current benchmark table. 

1.3 LITERATURE SEARCH AND REVIEW 

Section 4 presents results of the review of various scientific literature databases and identifies 
new, innovative, or emerging treatment technologies for consideration in the technology screening 
and selection process. The literature review also considered new information on treatment 
technologies.discussed in the TSP and the FY 91 and 92 annual reports. 

1.4 TREATABILITY STUDY PROJECTS 

Section 5 summarizes ongoing treatability study projects at  RFP, active interim remedial actions, 
and additional information from other applicable research studies available subsequentto the FY 92 
Annual Report. Planned treatability testing projects for individual OUs and the sitewide program 
are also discussed. 
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1.5 FUTURE PLANS, PRIORITIES, AND SCHEDULES 

Future plans, priorities, and schedules for treatability study projects at RFP are discussed in 
Section 6. Issues affecting treatability project selection are also discussed. 

1.6 APPENDICES 

Detailed background information was used to prepare the discussion in this FY 93 Annual Report. 
This background information is provided in the appendices for support purposes. The appendices 
in this report are: 

Appendix A - Technology Selection and Screening 

Appendix 8 - FY 93 RFEDS Data and Preliminary Chemical-Specific TSBs for the 
Sitewide Treatability Studies Program 

Appendix C - 1993 Annual Update Workplan for the Control of Radionuclide Levels in 
Water Discharges from the Rocky Flats Plant 

Appendix D - Technology Data Summaries for Treatment Technologies Reviewed in 
FY 93 Annual Report. 

Technology selections completed in the TSP and the FY 91 and 92 annual reports were reviewed 
and reevaluated based on currently available characterization data and reported in Appendix A. 
Accordingly, modifications and/or additions to the previous reports are addressed in the FY 93 
Annual Report. The review, evaluation, and screening steps for the technologies were completed 
using the same process as in the TSP and the FY 91 and 92 annual reports. The technology 
screening process is provided in Appendix A of this report. Results of the screening process for 
the four technologies newly identified in FY 93 Annual Report indicate none would be candidates 
for future treatability testing a t  RFP. Future treatability testing at RFP will be based, in part, upon 
favorable recommendations for specific technologies that may be identified in future fiscal year 
annual reports. Appendix B provides summary tables of all current RFEDS data, as well as the 
chemical-specific TSB tables for RFP. Appendix C contains the annual update of the Workplan for 
the Control of Radionuclide Levels in Water Discharges from RFP. Appendix D provides data 
summaries for the four treatment technologies newly identified in FY 93. 
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2.0 
SUMMARY OF NEW CHARACTERIZATION DATA 

A review of new analytical data from RFEDS was completed to evaluate additions and other 
modifications to existing site contaminant data on an OU-by-OU basis. Media for which data were 
available include groundwater, surface water, subsurface soils, surface soils, and sediments. 

Contaminant information from RFEDS was evaluated to identify maximum contaminant 
concentrations observed, by media and by analyte. Raw data were received from EG&G in list 
ASCII format and were converted into dBase Ill + files to aggregate and evaluate data. Status of 
data validation was not considered to significantly impact the data in this report. These data 
represent analytical concentrations from samples collected within the boundaries of the 10 on-site 
OUs. Data are available for: OUs 1, 2, 4, 5, 6, 7, 1 1, and the Industrialized Area OU (designated 
for convenience as OUs 8, 9, 10, 12, 13, and 14). RFEDs data summary tables, by OU and 
medium, are presented in Appendix B. Maximum and minimum detectable contaminant 
concentrations are listed in Tables B-1 through B-29. Data are not currently available for each 
environmental media in each of the above-mentioned OUs. With regard to OUs 15 and 16, no data 
has been collected outside of the buildings which comprise the OUs. In addition, a No Further 
Action Justification Document has been approved by the EPA, CDH, and U. S. Department of 
Energy (DOE) for OU 16. 

To incorporate analytical data in the FY 93 Annual Report, the data were aggregated by media as 
follows: groundwater, surface water, subsurface soils, surface soils, and sediments. Analyte 
specific maximum and minimum concentrations were extracted from the data set. These 
concentrations are summarized in Table 2-1. The OU designation for the maximum analyte 
concentrations, where available, is presented in Table 2-2. Analytical data obtained prior to 
October 1988 was not subjected to a validation procedure. Some of the chemical values reported 
in this table also have not yet been validated; thus the analyte list may be changed after the data 
are validated. 

A significant number of the maximum contaminant concentrations shown in Table 2-1 have been 
modified from FY 92 to FY 93. Table 2-3 summarizes analytes in RFEDS where the FY 93 
maximum concentrations are actually lower than the previously-reported, FY 92 maxima. The 
source of the discrepancy is not traceable. As a result, questionable contaminant values from 
previous reports have been eliminated from the data summary and replaced with traceable RFEDS 
data points. 
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Maximum' 
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iToW ud Dbaobedl 
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Antimony 
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8dwn 

Boron 

Cedmiurn 

Cdcium 

Cesium 
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Lead 
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MsNJMe.s 

Mercllq 

MolybdeWlnI 

Nickel 

Phosphorus 

Poisasiwn 

SSlSllium 

Background 
Minimum ' ' Concsnlratoan" 

TABLE 2-1 

MAXIMUM AND MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 

Minimum' ' Maximum' 

AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

ReUmtnsry 
TSB. Madmum' 

(rmni 

Background 
Minimum' Concentration' 

1 4 0  

76 

3.0 

11.3 

0.10 

0.218 

1.72 

713000 

0.5 

5.02 

1.82 

30.5 

2020 

3.88 

882 

210000 

52.5 

0.013 

1 .e 
4.95 

100 

34300 
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0.0000 

0.0000 

J 0.0007 

0 . 0  1 

0.0000 

0.011 1 

0.0003 J 

0.05 

I 0.0010 8 

0.0020 

0.0020 

0.001 I 

0.0001 

0.0000 

00010 0 

0 . 0 ~ 9 7  

0.OoM) 

O.oo00  

0.0020 0 

0.0020 8 

0 0.0100 

0.0017 

R e l i a r y  
Mmimum' * TSBa 

0.05 
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0.05 

2.0 

.004 
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0.05 

0.05 
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0.3 

0.0 15 

2.5 

0.05 
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0.1 

~~ 

450 O.oo00 0.010 

442 

1 .s 
1.03 
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0.170 

0.4 

1700 

2.63 
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0.0230 

3220 
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4059 1 
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0.82 

12 
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1.0 
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0.05 
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0.30 

0.005 

0.050 

0.0002 

0.4 

0.56 0.0007 0.005 

102000 3.847 39108 

348 2.1517 

04 0.0000 .5 

11600 0.0270 32 1 

0.0005 J 15.7 131 
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312000 

24 10 

8310 

88.9 

8820 

132000 

935 
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32500 

7050 

114 

274 

4750 

0.001 2.2 

1.53 44733 

0.025 888 

0.0048 78.3 

0.0042 J 32.8 

0.0043 42.4 

2.54 4542 1 

0.0035 27.3 

0.52 0 38.5 

0.84 10428 

0.0098 1014 

0.0001 2.2 

0.50 0 

0.0035 J 89 

18700 0.4590 J 7003 

5.8 0.0000 8.7 

ImnRol 

33900 9.7 

89.7 1 

49.2 0.03 

708 10.8 

15.5 0.15 

20.8 0.4 1 

298000 27 

700 0 0.58 

142 0.89 

43.3 0 1.3 

425 0.42 

1 12000 E '  1040 

538 I .9 

958 0.53 

17000 62 

4790 9 

3.8 0.034 

I77  0.58 

114 1 .2 

655 198 

67000 183 

21387 

17.7 

10.1 
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11.8 

0 2.8 
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31.9 

18.4 

36.0 
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41.0 
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0.48 

31.8 
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TABLE 2-1 

MAXIMUM AND MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued] 

Maximum' Minimum' ' 

(mgn) 

354 0.881 0 

3.04 0.0020 B 0.050 

370000 0.0'34 

6400 0.0003 

0.2900 0.0005 0.0005 

206 0.0075 

3.14 0.001 0.1 

686 O.oo00 2.0 
ImglL) 

284 0.0520 

3151 0.0000 
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220 0.0000 
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BackOtound 
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34 1 10 
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0 
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420 0.48 3.1 
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19 0.159 
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3.1 0.3 1.2 

665 198 

Ticatabiliiy Studies Annusl Rcpoir 
Rochi Flat. Plant. Gnldsn. Cl,lornda 

P:\EGG-RFP\AREA8\824\TEXT\FINAL\T8L2 1 .REV103 Sheel 2 01 '81 94 10 



TABLE 2-1 
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MAXIMUM A i l 3  MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued] 
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TABLE 2-1 I 

Maxinun' 

MAXIMUM AND MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

[Continued) 

Background 
m.. Concentretbn" Maximum' 

1 .3-Dichloropropsne 

2-Bmanona 

2-Chlorwlhylvinylalhar 

2-Hexsnone 

4-Melhyl-2.Psnlanona 

Acelona 

Benzene 

8ackg'"und 
Minimum' ' Cuncarilraiion'' 

lo0 a 0.2 OF 

1500 D 1 J 

V O U T U E I  
I ' 1.l-MChlorwlh- 

1.1-MChlorwlhena 

1 , 1 ,l-Trichloroelhan, 

1,l .2-lrkhlorwlh.ne 

1.1 ,2,2-Talrachbroelhena 

I 
~ 1.2-Cechloroelhnm 

~ 1.z.Oichtoroathena c o t s  

1 .2-MChbropropana 

975 1 BJ . 
1200 t 1 J 

15000 BD 0.9 J 10 

200 OF 0.08 J 5.0 

Iron1 - 
880 0.2 

48000 0.1 7 

30250 0.1 OF 200 

14740 0.1 OF 5.0 

180 0.1 OF 5 

1 8000 0.1 6 

12000 D 0.5 J 

200 E 0.2 Of 0.0068 

Bromodkhloromathsne 5.0 

Bromoform 5.0 

Bromomalhane 1 000 J 10 

Carbon Disulfide 48 0.1 J 6.0 

Cafbon Talrkhloride 1OOO00 0.1 6.0 

50 0.2 

1 0  D 0.1 J 5.0 

42 0.12 200 

24 1 J 6.0 

3 J l  J 6.0 

23 0.2 J 6.0 

4 0  E l  J 100nr-i 

3 J l  J 5.0 

10 

78 1 J 

12 1 J 

87 J l  10 

1100 E l  m 

150 D 0.3 5 

12 0.25 5.0 

2 J 0.2 J 5.0 

48 

19 1 JB 

1005 0.1 J 6.0 

hw 
4 8  2 J 

2000 J l  J 

24oooO € 1  J 

27 8 J 

5 1  1 J 

120 2 J 

1 1,o 1 J 

e n 2  J 

28000 1 J 

31 J 31 J 

2000 Ja 1 J 

42000 1 J 

61OOooO 0 1  J 

8000 1 J 

0 J 8  J 

8.0 J E J 

110000 1 J 

140000 1 J 

17 9 J 8.5 

9500 3 1 8.5 

110000 0 4  JB 85 

11000 J 3  J 4.0 

4.0 

4.0 

8.5 

eooo J 1  J 4 .O 

52000 13 J 4 .O 
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Madmum' Minimum' * 

TABLE 2-1 

Backprovnd 
Concentration' 

MAXIMUM AND MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

IContinuedl 

Maximum' Minimum ' ' 
Background 

Concantratlori" 

100 

600 

e4000 

500 

200 

600 

36000 

1 0 0  

628000 

1200 

22 1 880 

3B 

8 3 0  

Maximum' 

ff 0.2 

OF 0.34 

E 0.08 

ff 0 . E  

OF 0.4 

J 0.2 

B 0.1 

OF 0.08 

0.0s 

E 0.1 

0.04 

J 1 

0.1 

Relimin.ry 
Minimum ' TSB. 

M 

J 

J 

J 

ff 

ff 

B 

J 

J 

J 

J 

J 

Maximum' 

100 

6.0 

14 

080 

5.0 

1 0 0  

6.0 

1000 

5.0 

1 0  

Rellmtnery 
Mlnimum' ' TSB. 

1000 E 0.1 J 10000 

(MIL1 

6 J 2 J 

63 0.MXK) I 0.05 

0.12 0.0000 I 

0.6 

180 D 0.45 1 0 0  

02 1 J 

130 0.1 6 .o 
1 3 0  1 J 10.0 

3 J 0.3 J 8.0 

1 8  1 J 080 

340 0.1 5.0 

2 J 0.1 J 1 0 0  

300 E 0.06 6.0 

170 . D 0.0810 1000 

2600 0.04 6.0 

80 1 J 

37 0.2 10 

40 J 0.6 loo00 

WAI 

6.0 J l  J 620 

1 0  J 10 J S.S.lal 

0.31 X 0.01 J 0.06 

0.38 I o.ooO0 I 0.05 

2.8 I 0.0000 I 0.6 

0.18 0.18 S.6.b) 

3000 J 1  J 

60 J 8  J -  

03000 1 J 

0 J O  J 

42000 1 J 

2400000 8 1  J 

8000 0 1  J 

l3oooO00 D l  J 

B e 0 0 0 0  1 J 

1 Zoo00 1 J 

1000 J l  J 

83 80 

1 8000 J l  J 

(Mk3l 

170OOO J 42 J 

00 J 38 J 

68 17 

15 15 

(IrOfiO) 

4.0 J 4 J 4 .O 

8.5 

10000 3 J 4 .O 

3000 J 1 8  8.5 

4.0 

10000 J 1  J 4.0 

190000 8 1  J 18.0 

38 2 J 4.0 

39000 1 J 4 .O 

500000 1 J 4.0 

17000 1 J 4.0 

5 7  24 8.5 

18000 2 J 4 .O 

llrgfi0l 

9200 68 J 270 

450 J 5 0  J 280 

64 0.0000 I 

4.7 J 0.0000 8 

00000 I 0.0000 I 
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TABLE 2-1 

MAXIMUM AND MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued) 
' 

Ground war' 

3.0 
4 J 4 J S.S.(S) 

10.0 

2900 E 8 J 

0.056 X o.ooro I 

44 1 J 10 

2.0 J 1 J 

4 J 4 J S.S.ISl 

53 0.0000 1 0.1 

0.oM)o I 0.0000 I 

Surface Water 

2.0 J 

2720.0 

2.0 J 

3.0 J 

4.0 J 

3.0 J 

8.0 J 

43 

0.17 J 

1000 

3.0 J 

1 .o J 

2.0 J 

0.3 

0.88 X 

0.18 I 

2 J 

2 J 10 

0.05 J 3.0 

1 J 10 

3 1 S.S.ISl 

4 J S.S.le1 

3 J 10 

2 J 

2 J 

o.oo00 I 0.05 

1 J 10 

1 J 3000 

1 J 30 

1 J 10 

0.3 

0.011 J 0.1 

o.oo00 I 

10 

1 J 

2.1 0.28 

I Background 
M O K h l W l l '  I Minimum' ' Concentration" 

( M W  

1 Boo00 J 37 JB 

360000 J 38 J 

230000 J 28 J 

37oooo 32 JX 

210000 J 15 J 

290000 J 30 J 

87000 42 J 

270 J 270 J 

15wm 9 J 

51000 JB 45  J 

740 - 72 

40 J 4 0  J 

420000 38 J 

140 28 

23 23 

14000 J 37 J 

88000 J 38 J 

Sediments 1 Bactyrowtd 
Maximum' I Minimum' ' Concentration" 

15000 37 

71000 J 37 

89000 J 4 8  

79000 J 37 

28000 64 

71000 J 57 

3300 J 44 

8200 D 41 

220 0x2 0.0000 

700000 38 

2300 58 

100000 J 41  

95 u 2.9 

13 0.0000 

9100 150 

4100 37 

J 

J 

J 

J 

J 

J 

J 

J 

1 

J 

J 

J 

J 

1 

J 

J 

310 

312 

312 

280 

280 

312 

1300 

265 

360 

265 

312 

265 

285 
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TABLE 2-1 

MAXIMUM AND MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

IcontinuEd) 

MOxhnum' Mlnh.lrn' 

Andyte Raltmlnary 
TSEa 

1 . 4 - ~ h l o r o b e n r ~ e  

1,3-~hioroberueM 

mhbmprop 

Msthyl Phthalate 

M-n-Butyl Phthalate 

M-n-Octvi Phthalate 

2.4-Dbnslhylphend 

2.4-Dinhrotoluane 

Endosulfan 

Ethyl Parathion 

Fluoranthone 

Fluorena 

G a m e - B H C  ILindamI 

Hsrschbroberuene 

lndsno 11.2.3 cdl firem 

I.nphorom 

2 Methylnaphthalene 

2 Methylphenol 

4 -Met hylpherml 

Naphtliabne 

2-Mtrophenol 

Madmum' Minimum' * 
Background 

Concentration" 

100 ff 0.2 76 

100 ff 0.17 820 

Maximum' 

310 

21  

Bnckgrouiid 
Mininium' ' Concamration" 

2 J 

1 J 10 

8 J 7 J 

2 J S.S.Ie1 

4 J 3 J 

4 J 2 J 

86 0.0000 I 0.018 

10 

1050 

E J 8 J S.5.lel 

1 J 1 J S.5.lSl 

14 3 J 

2100 t 6 J 

200 DF 0.15 J 

WKI 

4.0 J 0.1 J 76 

020 

1 .E 1 .B S.S.1el 

7 J l  JZJOOO 

60 J 0.8 J 2700 

24 I 1  J 

3 J 2  J 2120 

4.0 i 4  J 10 

2.0 J Z  J 42 

3.0 1 1  J 10 

0.46 x 0.06 I 

J 10 S.S.lol 1 .o J l  

28 8 J 

24 24 S.S.Ia1 

40 2 J 

28 0.11 J8 10 

230 

lWno1 

110 J 43 J 

1 80 J 180 J 

1 6000 26 

43000 JB 33 J I  

81000 J 38 J 

88 J 89 J 

73 73 

880000 37 J 

l(KM00 J 37 J 

1300 1 60 J 

130000 J 33 J 

80 J 82 J 

45000 J 37 J 

1 BOO 30 J 

3300 01 J 

130000 J 37 J 

4 60 J 460 

230000 JB 20 

53000 D 66 

20 J 0.0000 

300000 J 41 

8300 80 

55 0x2  o.oooo 
440 J 440 

22000 60 

1300 OJ 58  

130000 J 68 

4400 46 

265 

265 

J 265 

J 330 

J 265 

255 

265 

I 

J 360 

J 312 

I 

J 280 

J 280 

265 

J 265 

265 

J 330 

J 265 

450 J 350 J 255 
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Anelyts 

s m w o u w a  rr0t.o 
lconlbwedl 

I-Nhropheml 

I-NiiromUine 

N-NnroBo-dh-Ropylemtno 

N-Nitromdiphsnvlanine 

Pentachlorophenol 

h O n M l h e M  

R a d  

Romston 

Rdmslr yn 

Ropazine 

firem 

Simazine 

Simstryn 

TerbUthylaZiM 

1.1.2.2-Tstrachlorosthaw 

1.2.4.TrChlorobanzane 

TABLE 2-1 

MAXIMUM AND MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued) 

200 D 200 D S.S.(d 

1 e2 I) 1 J 10 

e2 OJ 2 J 50 

0 J 2 J 

130 2 J 10 

3 J 2 J 

4 

180 0.1 OF 5 

200 Iy 0.1 70 

surf- water 

6 J 

300 

20 J 

e.0 J 

38 

0.31 

0.18 

1 

4 J 

330 

0.04 

0.09 

3 J 

4 J 

6 

1 

5 

2 

1 

0.08 

0.18 

0.00 

2 

o.oe 
0.21 

0.08 

1 

230 

J 10 

J 10 

J 50 

J 10 

J 10 

S.S.(el 

J 10 

4.0 

S.S.(sI 

J 5.0 

J 7 0  

I Background 
Madmum' I Minimum' ' Concentration" 

ego00 J 33 J 

24 00 J 41 J 

1000000 35 J 

58000 53 J 

850000 40 J 

61 1 J 

Sedimenls 

IlrBfiLll 

380 J 24C OJ 1350 

5300 J 5300 J 1350 

280000 J 59 J 285 

350 J 350 J 1350 

88000 J 53 312 

9800 E 54 J 265 

150000 J 4 1  J 312 

130 J 130 J 265 
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TABLE 2-1 

MAXIMUM AND MINIMUM ANALYTE CONCENTRATIONS FOR COMBINED OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

lcontinuedl 

Andyte ReUmlnuy -rY Background 
M.dmun' Minimum' ' 168. M.xbnum' Mildmml' * 168. Mubnum' Mwmum' * Concentration" Maximum' Minimum' ' 

Beckground 
Concentrstion" 

' 
i 
+ i 

B 
D = Result calculated from diluted wnmple. 
E = Concentration excaeda the instrument calibration range 
F 
J P Analyzed below detection limit 
mglkg P miligrsm per kilogram 
mgR = miligrsm per liter 
N 
pCil0 D pic0 Curie per gram 
pCiK P pic0 Curie per liter 
uglkg = microgram per kilogram 
ugA = microgram per liter 
W 
X = Result calculated manually. 
Z 
Ial = flutonium 238 i 239 i 240 
lbl = Redium 2 2 6 i  228 
(cl = Site-specific standards 
(dl = Total uranium 
le) E Species specific 

P Present in laboratory blank 
=. Background concantretione tnken from Find Background Geochemical Characterization Report, Rocky flats Plant, September, 1993 - Maximum concentration may be a one-time measurement. Valuee compiled from both recent end historic date, checked against RFEDS. 
* Vdue listed i s  detection or quantitation limit for andydw. in accordence with Statement of Work for General Rsdiochmdatw end Rounte Analficd SeMces Protocol 1G.R.R.A.S.P.l. v.l.1. 1990, EG&G Rocky Flats Environmental Restoration Prograni. 
P FOI organics, compound also detected in method Monk. FOI nwtele, the concentration ia between the Contract Required Detection Limt ICRDL) end the Instrument Detection Limit IIDL). 

= Estimated. compound off scde in both columns; for organic compounds 

E FOI organicw, compound identified tentatively. For inorgaidcs, matrix spike recovery out of acceptable range. 

= Percent recovery for pre- and post-digestion sptkes exceeded acceptable range. 

= For organic., identification is questionable. Matrix intsrfarence in columns may have occurred. 
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, 

TABLE 2-2 

Analyte 

METALS 
mota1 and Dbsoked) 

Aluminum 

Antimony 

A r s en i c 

Barium 

Beryllium 

Boron 

Cadmium 

Calcium 

Cesium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Phosphorus 

Potassium 

Selenium 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

Groundwater 

Operable 
Maximum* I Units 

1460 

76 

3.0 

11.3 

0.16 

0.218 

1.72 

7 1 3000 

0.5 

5.02 

1.62 

30.5 

2020 

3.66 

862 

2 10000 

52.5 

0.013 

1.6 

4.95 

100 

34300 

2 

4, 8, 10, 14, 16 
J 6  

2 

None 

6 

None 

4. 8, 10, 14, 16 

B None 

'5 

None 

4, 8, 10, 14, 16 

2 

6, 14 

4, 8, 10, 14, 16 

4, 8, 10, 14, 16 

4, 8, 10, 14, 16 

2 

None 

1, 10 

B 7, 16 

4, 8, 10, 14, 16 

Surface Water 

Operable 
Maximum* I Units 

442 

1.9 

1.03 

7.07 

0.170 

0.4 

1760 

2.53 

0.4340 

0.489 

0.0230 

3220 

0.950 

83.9 

8720 

27.7 

4059 1 

0.680 

0.82 

12 

4140 

N None 

B 0, 10, 16 

5 

5 

8, 9, 10, 14, 16 

6, 10, 16 

4, 8, 10, 14, 16 

5 

None 

5 

None 

5 

5 

6, 16 

6 

5 

6, 8, 10, 16. 

None 

5 

4, 8, 10, 14, 16 

0.55 6, 16 

Soils 

Operable 
Maximum* I Units 

(mgkg) 

102000 None 

348 None 

64 4, 8, 10, 14, 1 1  

1 1600 None 

131 None 

550 

3 12000 

2410 

8310 

88.9 

6920 

132000 

935 

776 

32500 

7650 

114 

274 

4750 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

18700 None 

5.8 7, 16 

Sediments 

Operable 

33900 

69.7 

49.2 

706 

15.5 

20.6 

29 6000 

700 

142 

43.3 

425 

1 12000 

536 

958 

17000 

4790 

3.8 

177 

114 

655 

67000 

16 

5 

5 

5 

5 

None 

None 

B 16 

None 

B 16 

None 

E' 5 

None 

5 

5 

None 

5 

5 

None 

5 

5 

21.3 5 
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Analyte 

Maximum' 

METALS 
(Total and Dbsolved) 

(continued) 

Operable 
Units 

Silicon 

Silver 

Sodium 

Strontium 

Thallium 

Tin 

Vanadium 

Zinc 

ANIONS 

Maximum' 

Ammonia as N 

Alkalinity as CaCO, 

Bicarbonate as CaCO, 

Carbonate as CaCO, 

Chloride 

Cyanide 

Fluoride 

Nitrate as N 

Nitrate + Nitrite as N 

Nitrite as N 

Orthophosphate 

Phosphate 

Operable 
Units 

TABLE 2-2 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued) 

Groundwater 

Operable 
Maximum' Units 

354 5 

3.04 6,  7. 16 

370000 

6400 

4, 8, 10, 14. 16 

4, 8, 10, 14, 16 

0.2900 6,  8, 10, 16 

206 4, 8, 10, 14, 16 

3.14 2 

686 6. 14 

(mglL) 

284 7. 16 

3151 7. 16 

2000 6, 7, 16 

220 None 

21500 None 

3.8 7, 16 

8.8 7, 16 

1450 

9640 

4, 8, 10, 14, 16 

4, 8, 10, 14, 18 

2.2 6, 8, 10, 16 

15 None 

100 B 

Surface Water 

Operable 
Maximum' I Units 

11500 5 

0.74 6. 10, 16 

500000 6, 8, 10, 16 

295 6, 8, 10, 16 

1.13 J 6 ,  8, 10, 16 

0.969 5 

1.65 5 

45.4 4. 10. 14. 16 

(molL) 

65 None 

34 1 4, 8, 10, 14, 16 

19200 None 

230 None 

1200 8, 10. 14. 16 

1 5 

9 None 

1 185.72 

9900 

6 ,  8, 10, 16 

4, 8, 10, 14, 16 

2.4 6,  10, 16 

7.9 None 

12 

(mg/kgl 

14000 None 

31 1 None 

7540 None 

545 None 

5.7409 4. a, io,  14, 1 

579 None 

3900 None 

11900 None 

(mg/kg) 

8.38 None 

3200 None 

442 None 

76 5 

43 4. 8, 0. 

1.5 5 

14.5 6 ,  8, 10, 16 

20000 6 

(mg/kg) 

7100 5 

420 6 

7170 None 

1230 5 

90 6 

1080 5 

114 None 

1660 None 

(ma/ka) 

8 1000 None 

5340 5 

210 8, 9, 10, 14, 1 8  

1.2 None 

19 None 

163 6, 8, 10, 16 

3.1 5 

665 
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Analyte 

Maximum ' 

ANIONS 
(continued) 

Operable 
Unit8 

Sulfate 

Sulfide 

Total Kjeldahl Nitrogen 

INDICATORS 

Biochemical 0, Demand 

Conductivity Minimum (umholcm) 

Conductivity Maximum (umho/cm) 

Dissolved Oxygen (mglL) 

Minimum 

Maximum 

Oil and Grease 

Percent Solids (%) 

Mini m u m 

Maximum 

pH minimum (pH units) 

pH maximum (pH units) 

Temperature (degrees C) 

Minimum 

Maximum 

INDICATORS 
(continued) 

Maximum* 

TABLE 2-2 ' 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

Operable 
Units 

(Continued) 

Groundwater 

I Operable 
Maximum' Units 

(mglL) 

19000 6 

29 16 

22 6 .  7. 16 

ImglL) 

45 6, 7. 16 

1400 None 

32 1. 10 

3.38 

12 None 

(mglLJ 

1900 6, 16 

39 6 
61 None 

_ _ ~ ~ ~  

260 None 

115 

3880 6, 16 

665 4, 8, 10, 14, 16 

1.4 

84 6, 8, 10, 16 

(mgfig) 

400 None 

498 None 

56000 None 

(me/kal 

4.5 

590 None 

5 6,7 None 

1.2 

89.7 None 

5.85 

12.2 None 

Sediments 

Operable 
Maximum ' I Units 

744 6 

21 1 None 

68000 5 

61.7 

67 5 

6.05 

12 None 
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TABLE 2-2 

Analyte 

Total Dissolved Solids (mglL) 

Total S- 

RADIONUCLIDES 
(Total and Dbsohred) 

Americium 241 

Cesium 137 

Gross Alpha 

Gross Beta 

Plutonium 238 

Plutonium 239 + 240 

Radium 226 

Radium 228 

Strontium 89 + 90 

Strontium 90 

Tritium 

Uranium 233 + 234 

Uranium 233 + 238 + 239 

Uranium 235 

Uranium 235 + 236 

Uranium 238 

Uranium (Totall 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued) 

Groundwater 

Operable 
Maximum* I Units 

88000 None 

47000 6 

(pCilL) 

46.54 

25.12 

2000 

1200 

0.0520 

1001 

170 

14.34 

1 128.57 

4.1 

39030 

1000 

47 

750 

x 2  

None 

4, 8, 10, 14, 16 

11 

None 

2 

None 

6, 8, 10, 16 

None 

6 ,  16 

None 

4, 8, 10, 14, 16 

4, 8, 10, 14, 16 

4. 8, 10, 14. 16 

Surface Water 
I 

Operable 
Maximum + I Units 

46000 

46000 5 

4, 8, 10, 14, 16 

(PCiIL) 

4. 8. 10, 14, 16 90 

12 5 

4, 8, 10, 14, 16 2169 

3800 

0.5 

120 

30 

52 

64.248 

33.34 

23000 

1500 

4, 8, 10, 14, 16 

6 

4, 8, 10, 14, 16 

5 

4, 10, 14, 16 

None 

5 

4. 8, 10, 14, 16 

4, 8, 10, 14, 16 

72.87 4. 8,.10, 14, 16 

121 1 4, 8, 10, 14, 16 

Soils 

Operable 
Maximum + I Units 

620 mglL 5 

(pCi/g) 

270.4 

4.7 

742 

1706 

9.838 

7300 

11.8 

16 

6.54 

2.6 

510 

971 

37.68 

1210 

None 

None 

None 

None 

None 

None 

None 

None 

5 

None 

None 

6, 16 

None 

None 

Sediments 

Operable 
Maximum+ i Units 

389.4 

2.81 

4000 

247.1 

0.045 

1174 

5.1 

8.1 

4.86 

1.6 

1 .os 
25.22 

1.302 

43.09 

6 

6 

6 

1, 10 

None 

6 

5 

5 

5 

6 

6 

6 

6 

6 
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Analyte 

VOLATILES 

1,l -Dichloroethane 

1,l -Dichloroethene 

1.1.1-Trichloroethane 

1.1.2-Trichloroethane 

1,1,2.2-Tetrachloroethane 

1,2-Dichloroethane 

1.2-Dichloroethene (Total) 

1,2-Dichloropropane 

1,3-Dichloropropane 

2-but anone 

2-Chloroethylvinylether 

2-Hexanone 

4-Methyl-2-pent anone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon Disulfide 

Carbon Tetrachloride 

Maximum+ 

TABLE 2-2 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued) 

Operable 
Units 

Groundwater 

Maximum' 
Operable 

Maximum + I Units 
Operable 

Units 

660 

48000 

30250 

14740 

180 

16000 

12000 

200 

100 

1500 

975 

1200 

15000 

200 

540 

500 

1000 

46 

Maximum' 

2 

1, 10 

1, 10  

1, 10 

Operable 
Units 

2 

1. 10 

D 1. 10 

E 2  

2 

E 6, 7, 16  

ED 2 

DF 2 

J 2  

DF 2 

DF 2 

8, 9. 10, 14, 16 

D ?  

WglU 

5 0  8, 10, 14, 16  

160 D 9, 10, 14, 16 

4 2  6 

24  None 

3 J 9, 10, 14, 16  

23 8, 10, 14. 16  

4 60 E 8, 10, 14, 16  

3 J 5  

7 6  6, 7, 16  

12  ' 6, 8, 9, 10, 14, 16 

87 J 6, 7, 16 

1100 E None 

150 D 9, 10, 14, 16 

12  None 

2 J 6  

19 6. 16 

1005 2 

49  

2000 

240000 

27 

5 1  

120 

110 

6 

29000 

31  

2000 

42000 

5 100000 

8000 

6 

6.0 

1 10000 

None 

J None 

E None 

None 

None 

None 

None 

B None 

None 

J None 

JB None 

None 

B None 

None 

J None 

J None 

None 

140000 None 

5.0 J 6  

9 J None 

37000 8 5  

17 None 

9500 None 

1 10000 B 6  

11000 J 5  

6000 J 6  

52000 8, 9. 10, 14, 16 
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r 

Maximum' 

TABLE 2-2 

Operable 
Units 

Anelyte 

VOLATILES 
(continued) 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Methylene Chloride 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl Acetate 

Vinyl Chloride 

Xvlenes (Total) 

' SEMIVOLATILES (Total) 

Acenaphthene 

Acenaphthylene 

Aldrin 

Alpha-8HC 

Alpha-chlordane 

Ametryn 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued) 

100 

500 

64000 

500 

200 

500 

35000 

100 

528000 2, 13 

1200 E 6, 7, 16 

221860 2 

39 J 1, 10 

930 6, 9. 13 

1000 E None 

WgIL) 

5 J 5  

5 3  6, 8,  10, 14, 16 

0.12 1, 10 

Surface Water 

Operable 
Maximum + I Units 

180 

62 

130 

130 

3 

19 

340 

2 

300 

170 

2500 

80 

37 

D 9,  10, 14, 16 

6, 7, 16 

None 

8, 10, 15, 16 

J None 

6, 7, 16 

6 

J None 

E None 

0 9, 10, 14, 16 

2 

6, 16 

6, 8,  9, 10, 14, 16 

~ 

5.0 5 5  

10 J 6, 16 

0.31 x 5  

0.36 I 6, 7, 16 

2.6 I 10 

0.18 None 

Soils 

Operable 
Maximum' I Units 

3000 J None 

5 0  J None 

63000 None 

0 J None 

42000 None 

2400000 B None 

6000 B None 

13000000 D None 

860000 None 

120000 None 

1000 J None 

83 None 

18000 J None 

(Uslke) 

170000 J None 

600 J None 

56  None 

15 5 

Sediments 

Operable 

4.0 J 6  

10000 , 8,  9, 10, 14, 16 

3000 J 6  

10000 J 6  

190000 8 5  

36 None 

39000 8,  9, 10, 14, 16 

500000 None 

17000 8,  9, 10, 14, 16 

57 16 

16000 None 

(Uence) 

9200 6, 8, 10, 16 

450 J None 

54 6 

4.7 J 5  

0.0000 I 5 
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TABLE 2-2 

Maximum ' 
Anolyte Operable 

Units 

SEMIVOLATILES (Total) 
(continuedl 

Maximum + 

~~ 

Ant hracene 

Atrazine 

Benzo(a)Anthracene 

Benzo(bJF1uoranthene 

Benzo(kJF1uoranthene 

Benzo(g, h,ilPerylene 

Benzo(aJPyrene 

Benzo(kJPyrene 

Benzoic Acid 

Benzyl Alcohol 

Beta-BHC 

Bis(2-ethy1hexyl)phthalate 

Butyl Benzyl Phthalate 

4-Chloro-3-methylphenol 

4-Chlorophenyl Phenyl Ether 

Chrysene 

Cyanazine 

4.4-DDT 

Delta-BHC 

Dibenzo(a,hJAnthracene 

Dibenzofuran 

Dicamba 

Operable 
Units 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued] 

Maximum 

Ground water 

Operable 
Units 

Operable 
Maximum+ I Units 

4 

2900 

0.055 

44  

2.0 

4 

5 3  

0.0000 

J 5  

E 7, 16 

x 1, 10 

7, 16 

J 11 

J 5  

6. 8, 10, 14, 16 

I 7, 16 

@gIU 

J 8, 10, 14. 16 2.0 

2720.0 6 

2.0 J 5  

3.0 5 5  

4.0 J 5  

3.0 J 5  

8.0 J 5  

4 3  None 

0.17 J 5  

1000 6, 16  

3.0 J 6  

1 .o J 5  

2.0 5 5  

0.3 None 

0.88 x 5  

0.18 I 6, 7, 16 

. 2  J 6, 7, 16 

190000 

350000 

230000 

370000 

2 10000 

290000 

97000 

270 

25000000 

5 1000 

740 

40 

420000 

140 

23  

14000 

86000 

J None 

J None 

J None 

None 

J None 

J None ' 

None 

J None 

None 

JB None 

None 

J None 

None 

None 

None 

J None 

J None 

15000 

7 1000 

89000 

79000 

26000 

7 1000 

. 3300 

8200 

220 

1700000 

2300 

100000 

95 

13 

9100 

4100 

6, 8, 10, 16  

J None 

J None 

J None 

6, 8, 10, 16 

J None 

J 5  

D None 

0x2 1, 10 

6 

6, 8, 10, 16 

J None 

XZ 8, 9, 10, 14, 16 

None 

6, 8, 10, 16 

6, 8, 10, 16 
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TABLE 2-2 

Maximum' 

Analyte Operable 
Units 

SEMIVOLATILES ITotnl) 
(continued) 

1,4-DichIorobenzene 

1.3-Dichlorobenzene 

Dichloroprop 

Diethyl Phthalate 

Di-n-Butyl Phthalate 

Di-n-Octyl Phthalate 

2.4-Dirnethylphenol 

2,4-Dinitrotoluene 

Endosulfan 

Ethyl Parathion 

Fluoranthene 

Fluorene 

Gamma-BHC (Lindane) 

Hexachlorobenzene 

lndeno I1.2.3cd) h rene  

lsophorone 

2-Methylnaphthalene 

2-Mathylphenol 

4-Met hylphenol 

Napht halene 

2-Nitrophenol 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued) 

100 DF 2 

100 DF 2 

310 2 

21 2 

8 J 7, 16 

4 J 5  

4 5 5  

8 6  6, 8, 10. 14, 16  

8 J None 

1 J 7, 16  

14  6. 7. 16  

2100 E 6, 7, 16  

200 DF 2 

Surface Water 

Operable 
Maximum + I Units 

4.0 

1 .8 

7 

50 

24 

3 

4.0 

2.0 

3.0 

0.46 

1 .o 
29  

24 

4 6  

26  

J 5  

6 

J 6, 10, 16 

J 5  

6 6  

J 6, 7, 16  

J 5  

J 8, 10, 14, 16  

J 6, 7, 16  

x 5  

J 6, 10, 16  

6, 7, 16  

5 

None 

6, 7, 16  

Soils 

Operable- 
Maximum' Units 

110 

180 

16000 

43000 

9 1000 

89 

7 3  

880000 

160000 

1300 

190000 

96  

45000 

1800 

9300 

130000 

J 5  

J 5  

4. 8, 10, 14. 16 

JB None 

J None 

J 1 , lO  

1, 10 

None 

J None 

7, 16 

J None 

J None 

J None 

6, 7. 16 

7 .  16 

J None 

Sediments 

Operable 
Maximum' Units 

&eke)  

460 J None 

290000 JB 6 

59000 D None 

2 0  J 

300000 J 6  

8900 6, 8, 10, 16 

55 m z  1, 10 

' 440 J None 

22000 6, 8, 10, 16 

1900 DJ None 

130000 J None 

4400 6, 8, 10, 16 

450 J None 

Treatability Studies Annual Report 
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r 

Maximum* 

TABLE 2-2 . 

Operable 
Units 

Analyte 

SEMIVOLATILES TTotsl) 
(continued) 

4-Nitrophenol 

4-Nitroaniline 

N-Nitroso-di-n-Rop ylamine 

N-Nitrosodiphenylamine 

Pentachlorophenol 

Phenanthrene 

Phenol 

Prometon 

Prometryn 

Propazine 

Pyrene 

Simazine 

Simetryn 

Terbuthylazine 

1,1,2,2-Tetrachloroethane 

1.2.4-Trichlorobenzene 

MAXIMUM ANALYTE CONCENTRATIONS FOR OUS 1-14 AND THE INDUSTRIALIZED AREA OUS 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued] 

Groundwater 

Operable 
Maximurn* I Units 

200 6, 7, 1 6  

162 B 6, 8 10, 16 

62  0J7, 16 

6 J 5  

130 6, 7. 16 

3 J 5  

180 2 

200 DF 2 

5 

300 

20 

6.0 

39 

0.31 

0.18 

1 

4 

330 

0.64 

0.09 

3 

4 

5 5  

6 

J 6, 16  

J 6, 7, 16  

6 

None 

None 

None 

J 5  

6 

6 

None 

J 9, 10, 14, 16 

J 5  

Soils 

Qperable 
Maximum' I .Units 

Wefie) 

160 J None 

69000 J None 

2400 J None 

1000000 None 

56000 None 

None 850000 

5 1  None 

Sediments 

Operable 
Maximum' I Units 

380 J None 

J 6, 8, 10, 16  5300 

280000 J 5  

350 J None 

88000 J None 

9800 E None 

150000 J None 

130 J 6  
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TABLE 2-2 

Analyte 

POLYCHLORINATED BIPHENYLS 
(PCBa) 

MAXIMUM ANALYTE COmJCENTRATIONS FOR OUS 1-14 AND THE INDUSTRUALIZED AREA (3 
AND UPPER AND LOWER SOUTH INTERCEPTOR DITCHES 

(Continued 1 

Groundwater Surface Water Soils Sediments 

Operable Operable Operable Operable 
Maximum + Units Maximum' Units Maximum' Units Maximum' Units 

WglLI WIL) W ! 3 h l  C e m  

JS 

I Aroclor-1254 I I 24 8, 9, 10, 14, 16 I 860000 None I 67000 6, 8,  10, 16 I 

A blank indicates an analyte was not detected in more than one OU. 

= Present in laboratory blank 

+ = Maximum concentration may be a one-time measurement. Values compiled from both recent and historic data, checked against RFEDS. 
I3 = For organics, compound also detected in method !lank. For metals, the concentration is between the Contract Required Detection Limit (CRDL) and the Instrument Detection Limit (IDL). 
D = Result calculated from diluted sample 
E = Concentration exceeds the instrument calibration range. 
F 
G 
J = Analyzed below detection limit 
m g k g  = miligram per kilogram 
mglL = miligram per liter 
None 
pCi/g = pic0 Curie per gram 
pCilL = pic0 Curie per liter 
ugkg  = microgram per kilogram 
uglL = microgram per liter 
X = Result calculated manually 
Z = For organics, identification is questionable. Matrix interference in columns may have occurred. 

= Estimated, compound off scale in both columns; for organic compounds 
= For inorganics, the native analyte is greater than four times the spike added. 

= Value could not be traced to a specific OU using data provided. 
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TABLE 2-3 

Analyte Media Old Maxima 

\ 

New Maxima 

Conductivity (Maximum) @mhos/cm) sw 371 20 

Metals (mg/L or mg/kg) 

Barium 

Cadmium 

Cesium 

Copper 

Lithium 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Potassium 

Selenium 

Sodium 

Strontium 

Thallium 

3880 

Tin 

Dissolved 0, (mg/L) Maximum 

Percent Solids Maximum 

Maximum 

Anions (mg/L or mg/kg) 

sw 70 No Data 

Soils 96.4% 89.7% 

SD 98.95% 67 % 

sw 
sw 
sw 
sw 
sw 
SD 

sw 
GW 

GW 

sw 
Soils 

Soils 

Soils 

GW 

sw 

~~~~ ~~ 

1 1600. 

25 

12 

0.908 

85.2 

103000 

32.1 

1.92 

11.7 

4260 

6.5 

44000 

1030 

0.544 

1.53 

~~ 

7.07 

0.4 

2.53 

0.623 

83.9 

17000 

27.7 

1.6 

4.95 

41 40 

5.8 

7540 

545 

0.29 

0.969 

Bicarbonate as CaCO, 

Carbonate as CaCO, 

Nitrate as N 

Nitrate and Nitrite as N 

Sulfide 

GW 

GW 

sw 
SD 

SD 
GW 

sw 
Soils 

2640 

510 

270 

130 

35.86 

121 00 
120 

5000 

2000 

220 

230 

No Data 

19 

9640 

39 

498 

, .  
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TABLE 2-3 

Analyte Media -Old Maxima 

ANALYTES WITH LOWER MAXIMA 
THAN REPORTED IN FY 92 ANNUAL REPORT 

(Continued) 

New Maxima 

Temperature (degrees C) Maximum SW 33 

Total Dissolved Solids (mg/L) SW 47000 

No Data 

46000 

Cesium 137 

Strontium 90 

Tritium 

Uranium 235 

1 ,1,2-trichIoroethane 

1,1,2,2-tetrachIoroethane 

1,2-dichIoroethene (total) 

SD 3.2 2.81 

GW 12.4 4.1 

Soils 4.57 2.6 

SD 580 1.09 

SD 1.34 1.302 

2-Chloroethylvinylether 

2 Hexanone 

Bromoform 

Bromomethane 

Carbon disulfide 

Dibromochloromethane 

Styrene 

Semivolatiles (iu~/L or pQ/kQ) 

Benzo(k) Pyrene Soils 130 J 

Beta - BHC SD 13000 

Bis(2-ethylhexy1)phthalate GW 100 

Soils 

SW 

GW 

Soils 

SW 

GW 

SW 

Soils 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

2 

No Data 

220 DXZ 

44 

62 

440 

14000 

'140 

7 

3 J  

7 

6 J  

5 

87 

3 

8 

29 

5 

6 

27 

3 J  

12000 D 

110 

3 J  

No Data 

No Data 

No Data 

TJo Data 

12 

2 J  

No Data 

19 

3 J  

2 J  
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TABLE 2-3 

Analyte Media Old Maxima 

ANALYTES WITH LOWER MAXIMA 
THAN REPORTED IN FY 92 ANNUAL REPORT 

(Continued) 

New Maxima 

Aroclor 1254 I SD I 1600000 

Chrysene 

Diethyl phthalate 

Di-n-butyl phthalate 

Di-n-octyl phthalate 

2,4-Dimethylphenol 

Endosulfan 

Ethyl Parathion 

67000 

2-Methylphenol 

4-methyl phenol 

2-Nitrophenol 

Pro patine 

Terbuthylazine 

PCBs (/./Q/kQ) 

GW 

SD 

GW 

GW 

SW 

SD 

GW 

SW 

SW 

SD 

SW 

GW 

SW 

SW 

420 

1200 

170 

56 

6 

1600 

0.04 

270 

43 

2300 

160 

3 J  

2.4 

1.4 

sw = 

GW = 

SD = 

D =  
J =  
X =  

Z =  
mgkg  = 

mg/L = 

pCi/g = 

pCilL = 

pglkg = 

pg/L = 
pmhoslcm = 

Surface Water 
Groundwater 
Sediment 
Result computed from diluted sample 
Estimated 
Result calculated manually 
For organics, questionable identification, matrix interference in columns 
miligram per kilogram 
miligram per liter 

pic0 Curie per gram 
pic0 Curie per liter 
microgram per kilogram 
microgram per liter 
micro mohs per centimeter 

4 J  

460 J 

21 

No Data 

3 J  

20 J 

No Data 

No Data 

24 

No Data 

46 

No Data 

1 

0.09 



Table 2-4 summarizes the frequencies of untraceable maxima by media and analyte group. Overall, 
approximately 14% of the maximum concentrations presented in the FY 92 Annual Report were 
greater than the maximum concentrations currently present in RFEDS. As summarized in Table 2- 
5, approximately 26% of the maximum contaminant Concentrations identified in the FY 92 Annual 
Report have remained unchanged. Therefore, 60% of the maximum concentrations presented in 

FY 92 were superseded by higher maxima currently present in RFEDS. This effect is due to the 
evolution of RFEDS and since data exclusively contained in RFEDS was summarized in this report. 
Previous annual reports have used data from RFEDS as well as data from other sources. 

Once the contaminant data are compiled, an evaluation is performed to determine whether 
treatability testing for a given analyte is warranted. The following two criteria must be met before 
an analyte is considered for sitewide treatability testing: 

The analyte must be detected at concentrations greater than preliminary chemical-specific 
TSBs for a specific media - 

The analyte must be detected in the same media in a t  least two OUs. 

Constituents of concern identified a t  the individual OUs will be subject to a detailed ARARs analysis 
during the scheduled RFVRI, CMS/FS process for that specific OU. A discussion of the new 
maximum analyte concentrations for all media, and how they pertain to preliminary chemical- 
specific TSBs, is provided in Section 3. 

Data extraction from RFEDS for the FY 93 Annual Report specified the data must: 

Have a field Quality Control (QC) indicator of "REAL" 
Not be qualified with a "U" 
Be received as of October 14, 1993 
Se either validated or unvalidated. 

Some of the maximum values lower than those reported in previous annual reports can be 
attributed to the continuous improvement effort associated with RFEDS. Much of the RFEDS data 
have been validated and researched (Le., the total percent of validated data has never been greater 
in RFEDS). The RFEDS data is the recognized "best" source of environmental data at RFP. 

Other maximum value changes cannot be attributed to RFEDS at all. Since the source of data in 
previous years was not exclusively from RFEDS, its quality, usability, and reliability is unknown and 
undocumented in the Sample Management Office (SMOI. Thus, data not traceable to RFEDS was 
eliminated from the summary in Table 2-1. 
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TABLE 2-4 

PERCENT OF PREVIOUSLY REPORTED MAXIMUM ANALYTE CATEGORY CONCENTRATIONS 
FOR EACH MEDIA EXCEEDING CURRENT RFEDS MAXIMA* 

26.67 

1.75 

6.33 

1.66 

3.71 

Analvte 

3/29 10.34 

1111 9.09 

219 11.11 

2/16 13.33 

3/26 11.64 

Metals 

22.66 111142 

Anions 

7.76 151128 

Indicators 

Radionuclides 

Volatiles 

Semivolatiles 

PCBs 

I Groundwater 

Maxima 

7/43 

Media Totai-1181140 

% 

9.68 

20.00 

0.00 

23.63 

3.70 

16.28 

Surface Water I Soils 

New 
Maxima 

.e 

8/30 

311 6 

711 2 

311 7 

10128 

6/60 

01 1 

12.86 371164 

1.00 I 1161 I 1.96 

0.00 I 011 I 0.00 

Sediments 

New 
Maxima 

e. 

1 130 

211 2 

115 

611 7 

011 5 

4/45 

111 

Overall Total = 811674 I = 14.11% 1 

% 

3.33 

16.67 

20.00 

35.92 

0.00 

8.33 

100.00 

11.72 

- 

These percentages represent only the data from previous annual reports for which no value equal to  
OR greater could be found in the RFEDS data. These are not the percentages of total errors in Table 
2-1 since it does not include data for which higher numbers exist in the RFEDS data. 

The numerator is the number of previously reported maximum concentrations exceeding current RFEDS 
maximum values; the denominator is the total number of detects for the given category. 
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TABLE 2-5 

. PERCENT OF PREVIOUSLY REPORTED UNCHANGED MAXIMUM ANALYTE CATEGORY 
CONCENTRATIONS FOR EACH MEDIA 

10130 

7/16 

211 2 

8/17 

7/28 

36/00 

01 1 

Analyte 

33.33 

43.76 

16.67 

47.06 

26.00 

68.33 

0.00 

Metals. . 

Anions. 

Indicators 

Radionuclides 

Volatiles 

Semivolatiles 

PCBs 

18.57 Media Totals 691164 42.07 211142 

Groundwater 

14.79 

Unchanged 
Maxima" 

1 

291128 22.66 

313 1 

, 4/16 

217 

6/17 

6/27 

7/43 

261140 

- 
% 

9.68 

26.67 

28.67 

29.41 

18.62 

16.28 

Surface Water 

Unchanged 
Maxima" I %  

Soils 

Unchanged 
Maxima" 

6129 

211 1 

119 

1116 

6/26 

616 1 

01 1 

% = 
20.69 

18.18 

1 1 . 1 1  

6.67 

23.08 

9.80 

0.00 

Sediments 

Unchanged 
Maxima" 

16/30 

4/12 

01 6 

0114 

211 6 

8/48 

01 1 

60.00 

33.33 

0.00 

0.00 

13.33 

16.67 

0.00 

* The numerator is the number of unchanged maximum concentrations; the denominator is the total 
number of detects for the given category. 
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3.0 
PRELIMINARY CHEMICAL-SPECIFIC TSBS REVIEW 

This section contains an update of preliminary constituents of concern at  RFP for FY 93, and lists 
new TSBs identified during FY 93 (Le., as of September 30, 1993). A summary of preliminary 
chemical-specific TSBs is presented in Tables B-30 through B-33 of Appendix B. The TSBs 
identified are consistent with RFP's Sitewide Benchmark Tables and Analytical Methods 
Compendium, December 1 992. The RFP chemical-specific "benchmarks" are specific standards 
that will be used in developing ARARs for sitewide remediation. The benchmark table was 

conditionally approved by CDH in FY 93 pending incorporation of specific CDH comments for 
chemical-specific standards. EPA comments received to date have been incorporated into the 

benchmark table. 

Numerical values for preliminary chemical-specific TSBs at RFP have been updated from the FY 92 
Annual Report based on a detailed review of Federal and State environmental regulations and 
guidance. The chemical-specific TSBs used hereinafter are preliminary and are subject to change 
for the following reasons. 

TSBs selected for specific OUs may change through the ARARs development process 
during the RFI/RI, CMS/FS. 

Additional site-specific information from individual baseline risk assessments may 
change TSBs. 

Site characterization investigations for the OUs may change chemicals of concern and 

thus the TSBs. 

Preliminary chemical-specific TSBs will assist irl developing ARARs. In turn, an assessment, 
including chemical contamination levels, volumes ior treatment, and project-specific remedial action 
objectives, will guide the development of TSPs. In this report, preliminary chemical-specific TSBs 
are compared. to sitewide maximum and minimum concentrations for a wide variety of analytes. 
The sitewide. maximum and minimum concentrations for soil and sediment are compared to 
established background concentration values. This facilitates a preliminary screening of media 
(e.g., water, soil, etc.) and chemicals that could be candidates for treatability studies. This 

preliminary screening compares maximum reported concentrations against the lowest numeric 
preliminary chemical-specific TSBs. 

Preliminary TSBs used to evaluate chemical concentrations include: Federal maximum contaminant 
levels (MCLs) for drinking water; Federal Ambient Water Quality Criteria (AWQC); and Colorado 
Statewide, basinwide, and stream-segment standards for surface water. Federal MCLs and State 
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groundwater quality standards are also used in the evaluation of chemicals reported in 
groundwater. MCLs that were effective in January of 1994 are included for consideration as 
preliminary TSBs. Background concentrations for soil and sediment were used as guidance in the 
preliminary soil chemical-specific TSBs evaluation (EG&G 1 993b). 

RFP background concentrations are categorized as "to be considered" (TBC). TBCs are not 
standards in the regulatory context. However, both TBCs and TSBs are used during RFVRI, 
CMS/FS development to assess clean-up goals. Future effective maximum contaminant level goals 
(MCLGs) are identified as a TBC in this report. 

As Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and 
Resource Conservation and Recovery Act (RCRA) investigations proceed for each OU, additional 
information will enable refinement of acceptable levels of constituents of concern a t  RFP. Initial 
establishment of an acceptable contaminant level occurs while developing remediation goals for 
the CMS/FS. Remediation goals defined in a CMS/FS focus on the development of candidate 
remedial alternatives. 

Preliminary TSB values in Appendix B have been compared to maximum and minimum analyte 
levels detected in groundwater, surface water, soils, and sediments at  RFP, as summarized in 
Table 271. As with the FY 92 Annual Report, the most stringent Federal or State standard 
(excluding MCLGs at zero) or health-based criterion for water was used as the preliminary TSB for 
groundwater and surface water. A revision of the 1992 Benchmark Tables eliminated RFP Practical 
Quantification Limits (POLS) on the Benchmark Tables shown in Appendix E. The RFP detection 
limit (i.e., the quantitation limit for the analytical method used by RFP) is used as the preliminary 
TSB when a standard is below detection limits. The analytical detection limits for laboratory 
methods are shown on Table B-33. 

Maximum soil analyte concentrations presented in Table 2-1 of this report are compared to 
available soil and sediment background concentrations a t  RFP unless otherwise specified. The 
preliminary TSB value for plutonium in soils or sediments was based on CDH Rules and Regulations 
Pertaining to  Radiation Control. Preliminary TSBs for gross alpha and gross beta emissions from 
soils and sediments are also based on CDH requirements. 

The following subsections discuss the comparison of TSBs to maximum analyte concentrations by 
medium for the OUs in which analytical data were available in RFEDS. The TSBs are also shown 
in Table 2-1. Analytes are discussed which exceed TSBs for groundwater and surface water and 
background concentrations for soils and sediments. 
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3.1 GROUNDWATER TSBs 

Elevated levels (i.e., above preliminary TSB) of inorganics, metals, volatile organic compounds 
(VOCs), semi-volatile organic compounds (SVOCs), and radionuclides have been detected at 
various Individual Hazardous Substance Sites (IHSSs) within the OUs at RFP. Analytes which 
exceed preliminary TSBs in two or more O U s  are considered for sitewide treatability studies. 

The following inorganics exceed preliminary groundwater TSBs: fluoride, chloride, cyanide, sulfate, 
nitrate as N, nitrate plus nitrite as N, and nitrite as N. The pH measurements from groundwater 
were both above and below preliminary TSB pH levels. Also, total dissolved solids (TDS) 
concentrations exceed preliminary TSBs. 

The VOCs exceeding groundwater TSBs are: 1,l -dichloroethene; 1 ,l , 1 -trichloroethane; 1 , 1,2- 
trichloroethane; carbon tetrachloride; methylene chloride; tetrachloroethene; trichloroethene; vinyl 
chloride; 1,2-dichIoroethane; 1,2-dichIoropropene; benzene; chloroform; 1,1,2,2-tetrachIoroethane; 
acetone; bromodichloromethane; bromoform; bromethane; carbon disulfide; dibromochloromethane; 
and toluene. The SVOCs in groundwater identified for FY 93 as exceeding preliminary TSBs are: 
bis(2-ethylhexy1)phthalate; N-nitrosodiphenylamine; 1 ,2,4-trichlorobenzene; 1,4-dichIorobenzene; 
di-n-butyl phthalate; pentachlorophenol; and phenol. 

Pesticides detected in groundwater that exceed TSBs are: aldrin, alpha-BHC 
(hexachlorocyclohexane, alpha), and 4,4-DDT. Metals exceeding groundwater TSBs are: 
aluminum, arsenic, antimony, barium, beryllium, cadmium, cobalt, copper, chromium, iron, lead, 
lithium, manganese, mercury, nickel, vanadium, selenium, silver, thallium, and zinc. 

Radionuclides which exceed preliminary groundwater TSBs are gross alpha activity, gross beta 
activity, radium-226, radium-228, tritium, plutonium-238, -239, and -240. 

3.2 SURFACE WATER TSBs 

State surface water numeric standards for organics declare zero as the standard for any chemical 
for which a value is not specified. The result is that practical laboratory quantification limits 
established by RFP are the preliminary surface water TSBs. 

The reported maximum inorganic chemical values in surface waters exceeding preliminary TSBs 
are: chloride, cyanide, sulfate, nitrate as N, and nitrate plus nitrite as N. Values for pH are both 
above (basic) and below (acidic) the preliminary TSB for pH. Also, TDS concentrations exceed 
preliminary TSBs. Additional inorganics (anions and cations) identified in rT 93 as exceeding TSBs 
are: ammonia, fluoride, and sulfide. 
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Metals in surface water exceeding preliminary surface water TSBs are aluminum, antimony, 
arsenic, barium, beryllium, cadmium, chromium, iron, lead, manganese, mercury, nickel, selenium, 
silver, thallium, and zinc. 

The VOCs exceeding preliminary surface water TSBs are 1,l -dichloroethene; tetrachloroethene; 
carbon tetrachloride; trichloroethene; methylene chloride; 1 ,1,2-trichloroethane; 1,2-dichIoroethene; 
chloroform; and vinyl chloride. Other VOCs in surface water which exceed preliminary TSBs are: 
1,2-dichIoroethane; benzene; bromodichloromethane; chlorobenzene; and chloromethane. 

SVOCs reported in FY 93 as exceeding preliminary surface water TSBs are N-nitrosodiphenylamine, 
bis(2-ethylhexyl)phthalate, naphthalene, phenol, and N-nitroso-di-n-propylamine. 

Pesticides, herbicides, and polychlorinated biphenyls (PCBs) which exceed preliminary surface 
water TSBs are: aldrin; alpha-BHC (hexachlorocyclohexane, Alpha); chlordane-Alpha; beta-BHC 
(hexachlorocyclohexane-Beta); 4,4-DDT; Lindane (hexachlorocyclohexane-Gamma); simazine; 
atrazine; and aroclor-1254. 

Radionuclides exceeding surface water TSBs are americium-241, gross alpha, gross beta, 
plutonium-239 and -240, radium-226 and -228, strontium-90, and tritium. Total uranium 
identified in FY 92 as exceeding a preliminary TSB does not exceed the preliminary TSB in FY 93. 
Total uranium was calculated adding the sum of all isotopes of uranium reported in the RFEDS. 

3.3 SOIL AND SEDIMENT TSBs 

Table 2-1 presents soil and sediment background concentrations and concentrations from the 
RFEDS database. Numerous analyte values exceed background values according to the values in 
Table 2-1. Soil and sediment samples were collected at  representative background (i.e., 
undisturbed) locations at  RFP to quantify background concentrations of chemical and radiological 
parameters (EG&G 1993b). 

Most metal concentrations given in RFEDS in soil at RFP exceed background concentrations, 
except selenium. Analytical results are not available for phosphorous, and background 
concentrations are not available for sodium, silicon, thallium, and molybdenum. Limited 
background information is available for anions. Anions which exceed known background values 
a t  RFP are nitrate plus nitrite as N, and sulfide. The reported soil concentrations at  RFP during FY 

92 varied from FY 93 in some of the detected metals. 
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Radionuclides which exceed background soil concentrations in more than one OU are 
americium-241, cesium 137, plutonium 239 and 240, radium 226, radium 228, strontium-89 and 
-90, uranium-233 and -234, uranium-235 and uranium:238, tritium, gross beta activity, and 
gross alpha activity. 

Background concentrations for organics in soils are not available. 

Metal concentrations in RFEDS for sediments exceed available background concentrations for all 
metals, including the radionuclides. Alkalinity as CaCO, and bicarbonate as CaCO, are exceeded 
in sediments for background values. Nitrate plus nitrite as N and nitrite as N values also exceed 
background concentrations. 

Many VOCs and SVOCs in sediment which exceed background concentrations. VOCs exceeding 
background concentrations are 1,l dichloroethene; 1 , 1 , 1 trichloroethane; 2-butanone; 2-hexanone; 
4-methyl-2-pentanone; benzene; carbon disulfide; carbon tetrachloride; chloroform; ethylbenzene; 
methylene chloride; styrene; tetrachloroethene; toluene; trichloroethene; vinyl chloride; and total 
xylene. 

SVOCs which exceed background concentrations are acenaphthene; acenaphthylene; anthracene; 
benzo(a) anthracene; benzo(b) fluoranthene; benzo(k1 fluoranthene; benzo(g, h, i) perylene; benzo(a1 
pyrene; benzoic acid; benzyl alcohol; bis(2-ethylhexy1)phthalate; butyl benzyl phthalate; chrysene; 
dibenzo(a, h) anthracene; dibenzofuran; diethylphthalate; di-n-butyl phthlate; di-n-octyl phthlate; 
fluorene; hexachlorobenzene; indeno (1 , 2,3-cd)pyrene; 4-methylphenol; 2-methylnaphthalene; 
naphthalene; 2-nitrophenol; n-nitro sodiphenylamine; phenanthrene; and phenol. 
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4.0 

LITERATURE SEARCH AND REVIEW 

A literature search of newly available or recently published materials was conducted to compile and 
review potentially applicable remediation treatment technologies for contamination issues a t  RFP. 
Available literature databases were used to access a variety of information on technology types 
for known RFP wastes. The following databases were searched for potentially applicable treatment 
technologies from 1992 and 1993 citations: 

The EPA Alternative Treatment Technology Information Center (ATTIC) 

The EPA CLU-In (Clean-up Information) Through the Office of Solid Waste and 
Emergency Response 

Compendex (Engineering Information) 

Georef (American Geological Institute) 

National Technology Information Service (NTIS) 

Pollution Abstracts (Cambridge Scientific Abstracts) 

The EPA Vendor Information System for Innovative Treatment Technologies (VISIlT) 

Water Resources Abstracts [U.S. Geological Survey (USGSII 

Uncover (Current Periodicals, University of Colorado). 

The Dialog databbse search system was also used to access three other databases: 

Energy' Science & Technology (DOE Office of Scientific and Technology Information) 
Enviroline (Environment Abstracts Congress Information Service, Inc.) 
Environmental Bibliography (Environmental Studies Institute). 

A literature search was conducted that sought information regarding new, innovative, and/or 
emerging technologies for waste treatment not previously considered in the TSP or Annual Reports. 
Key words and categories were broad and inclusive for this Annual Report, rather than specific, 
to avoid elimination of newly developed treatment methods and allow the inclusion of previously 
screened technologies. Key words for the FY 92 Annual Report were more focused toward 
specific technologies. Key words used for different categories in the literature search follow. 
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Media 
- Soil 
- Water 

Waste 
- Radioactive 
- Mixed-Waste 
- Transuranic 

Americium 
Plutonium 
Uranium 

Chlorinated Hydrocarbons 
Pesticides 
Polynuclear Aromatic Hydrocarbons 
Semivolatile Organics 
Solvents 
Volatile Organic Compounds 

- Organic 

- Metals 

Technologies 
- Disposal 
- Extraction 
- Isolation 
- Separation 
- Treatment. 

The FY 93 database search yielded approximately 200 citations for review. Abstracts were printed 
and reviewed for each citation. Reprints were obtained for each promising technology for further 
review. The references related to  specific treatment technologies believed to  be potentially 
applicable to the sitewide treatability study program at RFP were used in part to  prepare the 
treatment technology descriptions provided in Appendix D of this report. Copies of citations listed 
for the technology descriptions provided in Appendix D are contained in project files for future 
reference. The following four treatment technologies were newly identified during the FY 93 
literature review process as potentially applicable at RFP and were subjected to  the following 
established technology screening process: 



Biosorption for capture/degradation of pesticides in aqueous media 
Membrane-based oil extraction for metal ion isolation in aqueous media 
Ultrasonic degradation of chlorinated hydrocarbons in aqueous media 
X-ray treatment of VOCs in aqueous media. 

The literature review also revealed no new information related to those treatment technologies 
previously considered but rejected in the TSP or the Annual Reports. The screening and selection 
process used to evaluate these four potentially applicable technologies is presented in Appendix A. 
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5 .O 
TREATABILITY STUDY PROJECTS 

A variety of treatability studies and interim remedial treatment actions have been proposed or are 
in progress a t  RFP. This section is a status report for the various FY 93 studies proposed, 
completed, or ongoing. Also, a brief description of various treatability activities' planned for FY 94 
is included as appropriate. 

To date, treatability and remedial treatment studies have been initiated for OUs 1 and 2. In 
addition, several treatability related studies were undertaken as part of the sitewide treatability 
program for specific tasks related to  a variety of contaminated media sitewide, unrelated t o  a 
specific OU. These treatability studies, which in some cases will continue into FY 94, are 
discussed in the following subsections. Treatability studies planned for FY 94 include those for 
OU 7 and OU 9 (EG&G 1993b). Results for studies in these OUs will be included in the FY 94 
Annual Report, if available. In addition, bioremediation workplans have been completed, and this 
treatability testing will be completed in FY 94. 

An annual update of the Workplan for the Control of Radionuclide Levels in Water Discharges from 
Rocky Flats Plant (EG&G 1 9 9 3 ~ )  was prepared in addition to  the annual report during FY 93. This 
workplan describes sampling methods, analytical protocols, methods, and limitations for 
determining radionuclide levels, summarizes statistical assessments of analytical results, and 
presents recommendations for additional radionuclide studies to characterize RFP discharge water 
quality. This workplan will be updated annually and will include updates on the control of 
radionuclide releases, a water quality assessment, analytical techniques used for the water quality 
assessment, and treatment evaluations and proposals. The FY 93 update of this workplan is 
included as Appendix C and complements information presented in the FY 93 Annual Report. 

5.1 OPERABLE UNIT 1 ACTIVITIES 

OU 1 includes the 881 Hillside area and is comprised of 11 IHSSs. Operable Unit 1 FS treatability 
studies were initiated for groundwater a t  OU 1 during FY 92, and continued into FY 93. An Interim 
MeasureAnterim Remedial Action (IM/IRA) for groundwater collected from various locations at the 

881 Hillside area began treatment operation in FY 92. Treatability work for OU 1 surface and 
subsurface soils was proposed in FY 92, although no treatability work has been performed to date. 
A status update for groundwater and soil testing studies a t  OU 1 are discussed in the following 
subsections. 
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5.1.1 Groundwater IM/IRA 

Bench-scale tests were conducted for VOC-contaminated groundwater a t  OU 1 during FY 88 and 
FY 91 (EG&G 1992a). As reported in the FY 92 Annual Report, these tests examined the 
effectiveness of oxidizing VOCs in recovered groundwater using ultraviolet light and hydrogen 
peroxide (UV/peroxide). Optimization tests were performed for a full-scale groundwater treatment 
system for groundwater collected from the Building 881 footing drain, recovery well CWOO1 
located southeast of Building 891, and the OU 1 French Drain system located at the base of the 
881 Hillside area. In addition to these groundwater sources collected for treatment, the treatment 
plant began accepting decontamination water generated from environmental investigation activities 
site-wide during FY 93. 

The full-scale OU 1 groundwater treatment plant began operating in April 1992 and is still in 
operation. Information regarding the full-scale optimization study and system operation was 
summarized in the FY 92 Annual Report using information provided by the OU 1 Interim Remedial 
Action (IRA) Site Manager and the Final Systems Operetion 8nd Optimization Test Report (SO 
Report) (EG&G 1992b). The SO Report was made final during FY 93 (EG&G 1993d). Results 
contained in the final version of the SO Report are the same as those reported in the Draft SO 
Report and summarized in the FY 92 Annual Report. 

Operation of the groundwater treatment system in FY 93 was similar to the FY 92 operation with 
minor modifications. The treatment process schematic for the system was shown in the FY 92 
Annual Report and remains unchanged. During FY 93 an on-line gamma spectrometer was installed 
a t  the treatment plant to provide real-time gamma emission monitoring of the treated groundwater. 
An on-line gas chromatograph is planned to be installed a t  the treatment plant in FY 94 for real- 
time organic compound monitoring of treated groundwater. 

A total of approximately one million gallons of groundwater was collected and treated during FY 
93. The treatment systcjm is comprised of a UV/peroxide unit operation for organic contaminant 
destruction followed by ion exchange for radionuclide and metals removal and finally a degassifier 
to remove carbon dioxide generated in the ion exchange beds, followed by two more ion exchange 
columns to reduce TDS. Treated effluent is pH adjusted if outside discharge parameters, and 
temporarily stored to verify effective contaminant removal prior to discharge to the South 
Interceptor Ditch. The FY 93 average flow rate through the treatment system was approximately 
30 gallons per minute (gpm), which is the same as the average flow rate during FY 92. A 35- to 
50-milligram per liter (mg/L) dose of hydrogen peroxide is fed directly to the UV reaction chamber. 
No variations to the treatment system were reported during FY 93. 



5.1.2 Subsurface Soils Testing 

As reported in the FY 92 Annual Report, an attempt was made in FY 92 to retrieve subsurface soils 
from IHSS 11 9.1 for laboratory-scale tests as pan of the FS. These tests were to focus on the 
ability of soil washing techniques and bioremediation to remove/destroy VOC contaminants present 
on the soils. A sampling program failed to retrieve contaminated soils with high enough 
concentrations to perform a treatability study, and the tests were abandoned in FY 92. 

5.2 OPERABLE UNIT 2 ACTIVITIES 

OU 2 is comprised of the 903 Pad, Mound Area, and East Trenches, as well as several other 
smaller IHSSs. Waste management practices in the past at OU 2 have included solid and liquid 
waste disposal, reactive metals destruction, and waste burning (EG&G 1992~) .  A formal RFI/RI 
is currently being prepared for OU 2. Prior to completing the OU 2 RFI/RI and initiating the 
CMS/FS, however, two IM/IRAs were initiated for surface water and subsurface soil. Work 
previously completed for these IM/IRAs was initially described in the FY 92 Annual Report. This 
section updates FY 93 results for these IM/IRAs at OU 2. In addition, several other treatability 
studies were performed on plutonium-contaminated soils from OU 2. Each of these studies is also 
discussed in the following subsections. 

5.2.1 Surface Water IMAM 

A final IM/IRA plan was prepared (EG&G 1 9 9 2 ~ )  to address potential surface water contamination 
in the South Walnut Creek drainage within OU 2. The intent of this action was to minimize 
contaminant migration downgradient from OU 2 and RFP prior to completing the formal RFI/RI, 
CMS/FS process, which may or may not require remedial action. Contamicants of concern in the 
surface water collection 7oints he., SW-39, SW-61, and SW-132) include VOCs, radionuclides, 
and metals. Table 5-1 lists the specific contaminants of concern in surface water at OU2. , 

. 

Potential interim remedial action alternatives were analyzed; the recommendation was made for 
implementing a field treatment system comprising chemical precipitation, coagulation, membrane 
filtration, and granular activated carbon (GAC) (EG&G 1992~) .  A field treatment program was 
divided into two phases. 
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TABLE 5-1 

Analvte 

Estimated 
Concentration 

Unit (IMIIRAP) Potential ARAR 

Radionuclides 

Am-241 
Gross o 

Gross 8 
Pu-2391240 
u-total 

pCiIL 0.53 0.05 
pCilL 730.00 1 1 .oo 
pCi1L 545.00 19.00 
pCi/L 3.28 0.05 

10.00 pCi1L 11.69 

1,l -Dichloroethene 

Carbon Tetrachloride 

Chloroform 

Tetrachloroethene 

Trichloroethene 

Vinyl Chloride 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

P91L 142 7 .OO 

PQIL 21 9 5.00 
P9lL 82 1 .oo 
PQIL 279 1 .oo 
P9lL 153 5.00 
P9lL - 2.00 

25.1214 
- 
1.8530 
0.05 19 
0.01 32 
0.1918 
0.2664 

183.9643 
0.1954 
3.3068 
0.0022 
0.2239 
0.0070 
1.3475 

Iron 

Manganese 

~ 

200.00 
50.00 

1,000.00 
100.00 
5 .OO 
10.00 
25.00 

1.000.00 
5.00 

1,000.00 
0.20 
40.00 
10.00 
50.00 

~~~~~~ 

- 300.00 P9lL 
PglL 0.5790 50.00 

pCi/L = pic0 Curie per liter 
pg/L = microgram per liter 
- = data not available 
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Phase I involved implementing a surface water collection system for two surface water sources 
and GAC treatment for VOC removal. The Phase I operation was staned in May 1991 and 
completed in early 1992. Two surface water collection stations were constructed for the Phase 
I operation. The collection basins were constructed of precast concrete and were fitted with float- 
controlled submersible pumps. 

Influent was directed to a 10,000-gallon flow equalization tank prior to bag filtration. Bag filters 
were operated in parallel for sediment removal prior to GAC treatment. Two GAC units were 
operated in a rotating lead and polish mode; the lead unit was taken out of service either by 
estimating an approximate contaminant breakthrough time based on design data, or if head loss 
became significant. Backwashing the lead GAC unit was performed by directing flow to the 
polishing unit and using this treated effluent as the upflow stream in the lead unit. All backwash 
water was recycled to the flow equalization tank. 

Phase II of the IM/IRA added chemical precipitation, coagulation, and membrane filtration unit 
operations upstream of the GAC treatment. Phase II treatment was designed to remove 
radionuclides, metals, and suspended solids, in addition to VOCs. Phase II treatment operations 
began April 27, 1992. A third surface water source was added to the surface water collection 
system. Flow from the equalization tank was directed to a set of two flash mix reaction tanks. 
Iron salt and sulfuric acid were added in Reaction Tank No. 1, and the pH was reduced to 
approximately 4.0. Flow was directed to Reaction Tank No. 2, where lime was added to raise the 

pH to approximately 9.5 for metals precipitation. This stream flowed to a solids concentration 
tank. Supernatant from the solids concentration tank flowed through the 0.1 micron microfilters; 
filtrate was directed to a neutralization tank, where acid addition lowered the pH to the neutral 
range. Solids from the concentration tank were pumped to a sludge holding tank. Neutralized 
filtrate entered the GAC system. The rotating lead/polish treatment mode for the GAC system was 
the same operation used in Phase I. Changeout of GAC units were based on a calculated time 
using design basis concentrations. Sludge holding overflow was directed back to the solids 
concentration tank, while the sludge was directed to a filter press for dewatering. Dewatered 
sludge was drummed for temporary storage and analytical testing prior to proper storage and 
management. Filtrate was returned to the solids concentration tank. 

The Phase II operation encountered several problems. The first problem related to the membrane 
cleaning solution. Originally, a sodium hypochlorite solution was used weekly with a monthly 
treatment of sulfuric acid. The treatment procedure proved to be ineffective after several months. 
A cleaning solution of hydrogen peroxide and sulfuric acid was developed with help from the 
vendor and membrane manufacturer. Cleaning with the peroxidelsulfuric acid solution was 
successful and was performed every several weeks. The sodium hypochlorite solution also caused 
corrosion of the welds on the GAC Cyclesorb units. This resulted in pinhole leaks in several welds 
which were subsequently repaired by the vendor. 
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Phase I treatment data were summarized in the FY 92 Annual Report, and indicated successful 
system performance for VOC removal (EG&G 1992~) .  Available data from the Phase II operation 
also indicate successful system performance for metals, radionuclide, and VOC removal (EG&G 
1993e). Table 5-2 summarizes analytical data for the OU 2 IM/IRA treatment system operation. 

A total of 12.7 million gallons of water were treated in the IM/IRA plant during Phase II operations 
(650 days) for an average flow rate of 13.5 gpm. Table 5-2 summarizes treatment effectiveness, 
which compares the influent contaminant concentrations (sample location RS 1 1 to effluent 
concentrations (sample location RS7). Percent removal efficiencies are considered approximations 
only since data collected a t  each sampling location was not necessarily correlated in time; further, 
data from RS1 may be suspect for selected analytes. For radionuclides, gross alpha activity was 
reduced by nearly 68%, and uranium was removed by over 81%. Determination of other 
radionuclides removed was difficult to assess due to low influent concentrations. For plutonium 
and americium, effluent samples taken indicated an ARAR exceedance for each on one occasion. 
Americium exceeded twice the ARAR value and plutonium exceeded ten times the ARAR value. 
However, in both cases the corresponding influent samples showed their concentrations to be 
below ARAR levels. Influent and effluent sample do not necessarily correlate in time. 

VOCs were effectively removed by the Phase II treatment process. No VOCs were present in the 
effluent (RS7) at concentrations greater than the ARAR levels using EPA Method 524.2. VOCs 
were originally analyzed using an SW-846 Method; however, the detection limits for this method 
were greater than ARAR levels, and the method was subsequently abandoned. Metals removal 
efficiencies varied greatly (from 0 to 83%). The data indicate arsenic, beryllium, cadmium, nickel, 
and selenium were not removed with the Phase II system. However, only aluminum, copper, lead, 
manganese, and zinc were above ARAR levels, and only in isolated instances. Further, all mean 
concentrations of the metals of interest were below ARAR levels. 

5.2.2 Subsurface Soils IM/IRA 

An IM/IRA Pilot Test Plan was finalized and submitted for final agency review for OU 2 subsurface 
soils in FY 92 (EG&G 1992d). The primary objective of the Subsurface IM/IRA is to provide 
information that will aid in the selection and design of final remedial actions at OU 2 that will 
address removal of suspected residual free-phase VOC contamination (EG&G 1 992d). The IM/IRA 
and the Interim Measures/lnterim Remedial Action Plan (IM/IRAP) (EG&G 1992e) for OU 2 
subsurface soils outlined proposed field- and pilot-scale testing of in situ vacuum-enhanced soil 
vapor extraction (SVE) for soils beneath the 903 Pad, Mound, and the East Trenches. 
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TABLE 5-2 

RS1 Mean 
Analyte ARAR Influent 

RS7 Mean Percent 
Effluent Removal 

3.25 

29.50 

5.83 

21.50 

27.00 

5.00 

Americium-241 0.05 0.0085 

Gross Alpha 11.00 4.5205 

Gross Beta 19.00 6.6472 

0.0098 Plutonium-239/240 0.05 

Uranium, Tots1 10.00 6.331 8 

0.0080 5.9 

1.4556 67.8 

5.4196 18.5 

0.0162 

1.1952 81.1 

.. 

2.50 

2.50 

2.50 

,2.50 

2.50 

5.00 

Tom1 Meteb -/L) 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Zinc 

23 

91.5 

57.1 

88.4 

90.7 

0 

1.1-Dichloroethene 7 0.5 1 

Carbon Tetrachloride 5 14.30 

Chloroform 1 3.64 

Tatrachloroethene 1 6.72 

Trichloroethene 5 9.96 

Vinyl Chloride 2 0.65 

93.98 

0.80 

65.14 

0.69 

1.20 

1.77 

2.37 

67.00 

0.87 

24.82 

0.10 

3.31 

1.78 

20.46 

0.13 74.5 

0.16 98.9 

0.06 98.4 

0.08 98.8 

0.09 99.1 

0.10 84.6 

62.6 .. 
54.9 .. .. 

9.7 

48.6 

83.2 

33.1 

29.7 

0 .. .. 
83.2 

Iron 300.00 

Manganese 50.00 

' Data available t o  RS-1 is questionable due t o  sampling discrepancies. Use of data from RS-1 is for informational purposes 
only, not as a means of characterizing influent water quality. 

57.44 20.19 64.9 

28.03 24.50 12.6 

' Mean effluent concentrations exceed mean influent concentrations. This indicates removal of the analyte is not occurring 
and should not imply that the analyte is being added t o  the water by way of treatment. This "error" is due to  the quantitation 
of low concentrations of analytes and/or the inherent error of comparative analysis using mean concentrations. 

pCilL = pic0 Curie per liter 
pg/L = microgram per liter 

200.00 

50.00 

1000.00 

100.00 

5.00 

10.00 

25.00 

1000.00 

5.00 

1000.00 

0.20 

40.00 

10.00 

50.00 
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25 1.36 

0.71 

144.39 

0.65 

1.16 

1.96 

4.61 

399.03 

1.30 

35.32 

0.10 

3.1 1 

1.67 

121.99 



Generally, collected information includes subsurface characterization and site-specific technology 
performance data which will subsequently be used in FS alternative evaluation and final remedial 
system design. Specifically, the data generated from the SVE pilot testing will include: VOC mass 
recovered per unit cost, VOC mass recovered per unit time, area of influence of the SVE system 
at each location, and overall ability to control VOC migration and aquifer dewatering. 

, .  

Details of the proposed in situ SVE testing for OU 2 were provided in the FY 92 Annual Report. 
Vapor extraction will be accomplished in wells designed specifically for vapor extraction, and in 
wells having the dual purpose of groundwater and vapor-extraction. In addition to the extraction 
wells, the pilot-scale tests will use selected wells for ambient and heated air injection to  evaluate 
enhanced VOC recovery in the subsurface. 

Results of the SVE pilot-scale testing were originally anticipated to be available in FY 94. 
However, nonaqueous phase liquids (NAPLs) were encountered during FY 93 OU 2 subsurface 
drilling activities. The presence of NAPLs presented a concern related to SVE system operation 
under the proposed configuration from the IMARA. The primary concern related to  the potential 
for a fire hazard in the air-phase GAC adsorpters used to treat the extracted VOCs. The fire hazard 
was a concern due to  the increased heat of adsorption from the higher than expected VOC 
concentrations. Further, the higher VOC concentrations in the SVE off-gas will require greater- 
than-expected GAC usage. This in turn would create additional waste management issues at RFP, 
where limited on-site storage availability exists. System and schedule modifications were approved 
among DOE, EPA, and CDH. SVE pilot-scale data will be reponed in the FY 94 Annual Report if 
available. 

5.2.3 Plutonium in Soils Treatability Studies 

A treatability studies workplan for removing plutonium from RFP soils was approved during FY 93 
to conduct laboratory- and bench-scale tests with the TRUclsan" process, and High-Gradient 
Magnetic Separation (HGMS), respectively (EG&G 1991 b). The key objective of the tests was to 
evaluate each technology in terms of effectiveness at removing low levels of plutonium from 
contaminated surface soils originating a t  RFP. The TRUclean" process testing was completed in 
FY 93. No HGMS tests have been performed to date; however, a contract with Los Alamos 
National Laboratory (LANL) has been established to perform a treatability study in FY 94. In 

addition to the TRUclean" testing, four other treatability tests related to plutonium removal from 
soil were performed in FY 93. Summary results of the five treatability studies are described in the 
following subsections. 
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5.2.3.1 AWC-Lockheed TRUclean" Study 

AWC-Lockheed, Inc. (AWC) of Las Vegas, Nevada performed tests on surface soils obtained from 
the vicinity of the 903 Pad a t  RFP. The 903 Pad was previously used as a storage area for wastes 
which contained plutonium. Some of these wastes, including plutonium, were dispersed through 
weathering actions over time to the surrounding soils. The primary objective of the tests was to 
evaluate the ability of AWC's TRUclean' process to  reduce plutonium activity concentrations 
(plutonium-239 and -2401, gross alpha, and gross beta activities in RFP soils to regulatory-based 
acceptable levels, below 0.9 picocuries per gram (pCi/g), 5 pCi/g, and 50 pCi/g, respectively. 
These levels have been agreed upon between EPA, CDH, and DOE. The tests were conducted in 
two phases. Phase 1 tests were conducted using magnetite and bismuth as plutonium surrogates 
and provided information needed to optimize the TRUclean' process treatment sequence to 
establish equipment settings for Phase 2. The actual treatment sequence and equipment 
descriptions will be included in AWC's report on the TRUclean' tests performed. Phase 2 was 
comprised of four tests using 90 to 100 kilograms (kg) of soil a t  the Phase 1 settings established 
with surrogates. One of the significant findings of the tests is that naturally occurring organic 
materials in the soil sample contained significant amounts of plutonium. Plutonium association 
with organic matter in RFP soil has not been identified in previous research. 

Soil material greater than two inches was rejected in the field sampling process and represented 
approximately 2 1 % of the soil mass collected. Although radionuclide activity measurements were 
not made on this soil fraction, results of a trommel test performed on + 1 /4 inch materials indicated 
that plutonium contamination can probably be removed from this material and result in an activity 
level that is below the clean-up criteria of 0.9 pCi/g. When considering the +2 inch material and 
the + 1 /4 inch trommel stream material which was successfully cleaned to below 0.9 pCi/g, 44.9% 
of the RFP soil sample from the vicinity of the 903 Pad exists at or below the plutonium clean-up 
criteria. Achieving soil cleanup standards for the + 1 /4 inch material will depend upon removing 
the naturally occurring organic materials. 

A preliminary AWC report indicated that the -1/4 inch material fraction could not be treated to 
achieve the clean-up goal for plutonium of 0.9 pCi/g. Tests with the shaker table, mineral jig, and 
hydrocyclone indicated that no particles of plutonium are of sufficient size to be removed by 
gravity separation devices. Tests on the -1 /4 inch soil fraction in the spiral classifier indicated that 

size separation produces the plutonium separation for this size range. The spiral classifier 
underflow plutonium activity was approximately 9 pCi/g, while the overflow was approximately 
228 pCi/g, indicating some success at plutonium separation. The report emphasized the 
importance of removing organic material which contains high concentrations of plutonium activity 
from this fraction. 
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5.2.3.2 Nuclear Remediation Technologies Study 

Nuclear Remediation Technologies (NRT) performed an assessment of several procedures for 
isolating plutonium from contaminated RFP soil samples. These procedures included 
flotation/attrition scrubbing and soil washing with three different leaching solutions. Specific 
information related to the composition or type of the three leaching solutions was not given in the 

NRT report. 

A soil sample received by NRT was first sieved to remove the +3/8 inch material. The -3/8 inch 
material was blended and split into three equal parts. One of the three portions of the -3/8 inch 
material was subsequently sieved through a series of sieve sizes ranging from + 4  mesh to less 
than 400 mesh. Greater than 4 mesh refers to particles having a diameter greater than 4.76 
millimeters (mm), while less than 400 mesh refers to particles having a diameter of less than 0.037 
mm. The second portion was used to determine moisture content. The third portion was archived 
for possible later use. The sample portion that underwent the full sieve analysis was recombined 
to form a greater than 4 mesh fraction, a less than 4 mesh to greater than 400 mesh fraction, and 
a less than 400 mesh fraction. The flotation/attrition tests and leaching solutions tests were 
performed on these less than 4 mesh size fractions. Figure 5-1 is a general flow diagram for the 
soil sample use obtained from RFP. 

Table 5-3 summarizes performance of the flotation/attrition tests with regard to plutonium removal. 
The results provide a minimal amount of information for the different plutonium isolation methods. 
Although more data will be needed to verify performance consistency, each of the test methods 
apparently achieved a reduction in the plutonium concentrations for the three soil particle size 
fractions. No specific conclusions can be drawn with the existing data as to which treatment 
method would provide the greatest isolation of plutonium. 

5.2.3.3 Plutonium Solubility in Triethylamine Study 

Lockheed Environmental (Lockheed) was selected by EG&G Idaho, Inc. to perform remediation of 
waste materials located a t  the Radioactive Waste Management Complex (RWMC) at the Idaho 
National Engineering Laboratory (INEL). Since some RWMC waste materials originated at RFP, 
Lockheed offered to perform treatability tests on selected RFP soils at no cost to EG&G for their 
proof-of-principle (POP) testing needs. 
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ROCKY FLATS SOlL SAMPLE 

BACKUP SAMPLE 

I -  

ARCHIVE SAMPLE 

+3/8 INCH FRACTION 

I -38 INCH FRACTION 

INTO THREE EQUAL 
SIZE PORTIONS 
I 

APPROX. 6 kg 

ANALYSIS 
(17 PERCENT) 

1 kg RESERVE I 

RECOMBINE SIEVE FRACTIONS INTO: 1 -  ~ 

+ + + 
4 MESH -4 400 MESH 400 MESH 

1 1 1 
SET ASIDE CONDUCT TESTS CONDUCT TESTS 

NRT Test Soil Utilization 



Test Results 

TABLE 5-3 

NRT PLUTONIUM ISOLATION TESTING RESULTS 

Flotation/Attrition 
Initial pCi/g 
Final pCi/g 
% Removal 

Leaching Solution A 
Initial pCi/g 
Final pCi/g 
% Removal 

Leaching Solution B 
Initial pCi/g 
Final pCi/g 
% Removal 

Leaching Solution C 
Initial pCi/g 
Final pCi/g 
% Removal 

Test Series #1 

400 mesh I 4 to +400 mesh 

18.8 
15.4 
18.3 

41.7 - 
26.1 . -  
37.4 - 

41.7 - 
15.8 - 
62.1 - 

Test Series #2 

4 to  +400 mesh 

18.8 
9.9 

47.6 

18.8 
1.6 

91.3 

18.8 
3.8 

79.9 

Test Series #3 

400 mesh 

41.7 
* 10.4 

75.1 

41.7 . 
16.1 
61.4 

- = Indicates test  results not obtained 
pCi/g = pic0 Curie per gram 
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The treatability work completed by Lockheed in FY 93 included plutonium recovery using the 
B.E.S.T. solvent extraction process. The process uses triethylamine (TEA), an unlisted and non- 
regulated solvent under RCRA. TEA exhibits the property of inverse miscibility. Below 15OC, TEA 
is miscible with water. Not only can solids be dewatered with TEA at this temperature, but organic 
contaminants can also be removed. At temperatures greater than 15OC, the remaining organic 
contaminants can be removed. However, no research had been performed to  date to  evaluate 
plutonium solubility in TEA. 

A composite soil sample was collected at known hot-spot areas at  OU 2, east of 903 Pad. Field 
radioactivity measurements indicated an activity of 2.63 nanocuries per gram (nCi/g) in the hot- 
spot areas composite sample. The composite sample weighed 49 pounds. Coarse materials 
contained within the composite were removed, and the sample was homogenized with a standard 
fixed-flight concrete mixer. The homogenized sample weighed 36 pounds and had a measured 
plutonium activity of 6.3 nCi/g. The sample was then sieved with a 50 mesh screen; the +50 
mesh material weighed 25 pounds and was set aside. The -50 mesh material Le., the remaining 
11 pounds) had a measured plutonium activity of 5.86 nCi/g. 

A quantitative mass balance was not performed as part of the study. However, results show that 
approximately 26% of the plutonium was recovered in the TEA stream. The plutonium was 
expected to remain in the soil; however, the form of plutonium that reported to  the TEA is not 
known. The study noted that RFP soils tend to be high in organic content; therefore, the plutonium 
may tend to form complexes due to organic content, and remain difficult to remove from RFP soils. 

Lockheed believes that by increasing the TEA to soil ratio to 8: 1, a greater percent of plutonium 
would be recovered. Additional tests are planned during FY 94, and results of these tests will be 
reported if available in the FY 94 Annual Report. 

5.2.3.4 Plutonium Volatilitf in a Plasma Melter 

Plutonium contaminated Rocky Flats soil was obtained for plasma melter treatability testing at 
INEL. The soil sample taken at RFP was intended to simulate similar materials from RFP previously 
placed in Pit 9 of the RWMC. Plasma melter treatment vitrifies the soil and waste materials into 
a glass or glass-like substance to stabilize radionuclides and metals. Plasma melting is achieved 
using a heating process which converts a gas into a plasma through applying energy with an 
electric arc. This plasma arc then causes the waste material to melt into a molten state which 
forms a glass-like substance upon cooling. Contaminants of concern (radionuclides or metals) 
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become immobilized into the treated material. The contaminants may take one or more of three 
potential pathways during the treatment phase. 

Physical/chemical immobilization in glass end product or a precipitate 
Recovery from treatment system off-gasses 
Unintended escape to the environment. 

The objective intent of the treatability tests conducted a t  INEL was to  demonstrate the ability of 
plasma melting technology to successfully immobilize plutonium contained in the soil samples and 
to determine the percentage of Pu that would volatilize in the Plasma Melter. This objective was 
accomplished through completion of a mass balance of plutonium present in the soil sample to 
within a 10% level of accuracy. 

A total of four treatability tests were completed with a bench-scale plasma furnace that 
approximated operating conditions in a full-scale plasma centrifugal furnace. The first two tests 
were conducted using cerium oxide as a surrogate for plutonium due to  i ts similar physical 
properties. The remaining two tests were performed with 15 kg of plutonium contaminated RFP 
soil. Measured activity in the RFP soil sample used was approximately 2 nCi/g. Off-gas from the 
bench-scale system was passed through a high-efficiency particulate air (HEPA) filter before release 
to the atmosphere. Upon completion of each test, slag, debris, filters, and surface swipes from 
the furnace were taken for analysis. Results of the plutonium mass balance within the bench-scale 
system were not available for inclusion in the FY 93 Annual Report. 

5.2.3.5 MBX, Inc. Treatability Study 

A biological reduction process intended to solubilize plutonium from soils was developed by MBX, 
Inc. (MBX). This was a very preliminary test to determine whether any fatal flaws existed with this 
process. MBX su!;jected representative plutonium-bearing RFP soils for bench-scale treatability 
testing. The process uses thiobacillus amendments to assist with .plutonium solubilization. Data 
available on testing completed during FY 93 indicate removal of americium and plutonium from RFP 
soils of 87% and 88%, respectively. Evaluation of test results indicate that since the soils were 
not sterilized, native microbes probably competed with the proprietary microbes; thus, MBX 
suggests greater actinide removal may be possible. 
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5.3 OPERABLE UNIT 3 ACTIVITIES 

Portable wind tunnel tests were completed a t  OU 3 to quantify wind resuspension emissions of soil 
particulates (MRI 1 993). This testing was not directed at identifying contaminant concentrations 
in particulate suspensions. The testing was conducted at three discreet locations: 

. 

Standly Lake shoreline 
Great Western Reservoir shoreline 
Selected terrestrial sites between the two reservoirs. 

The study was completed using a portable pull-through wind tunnel capable of extracting isokinetic 
particulates generated by the wind and determining mass emissions and particle size distribution. 
The result is an ability to evaluate wind erosion processes on specific ground surface types over 
a wide-range of wind speeds. 

Results of the study indicate the greatest soil erosion potential was along the Walnut Creek inlet 
to the Great Western Reservoir. This was expected due to the uncompacted nature of the 
sediments in this area. This area is generally similar to other reservoir shoreline areas. The report 
also showed that particulate emissions were greatest on the most disturbed ground surfaces. 

5.4 OPERABLE UNIT 4 ACTIVITIES 

Treatability studies a t  OU 4 consist of work with solar ponds material and groundwater treatment 
from the OU 4 interceptor pump house. Each of these activities are described in the following 
subsections. 

5.4.1 Solar Ponds Treatability Testing 

Treatability work for stabilization of the solar pond salts a t  OU 4 was originally expected to be 
performed as part of the RFI/RI, CMS/FS. However, these plans were changed in FY 93. 
Treatability work for OU 4 will be performed, as needed, under the sitewide treatability program. 
No exact schedule for treatability tests has been identified. Trade-off studies of various treatment 
train configurations are intended to  be performed during FY 94 as an initiation of a conceptual 
system design for pondcrete and saltcrete. The current emphasis of the solar pond project is 

focused on pond sludge removal, which includes designing a series of above ground tanks for pond 
sludge storage until sludge processing begins. 
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5.4.2 Colloid Polishing Filter Testing 

The Colloid Polishing Filter Method (CPFM) was preliminarily tested in FY 91 for treatment 

effectiveness to remove uranium, plutonium, and americium from groundwater samples obtained 
at the OU 4 interceptor trench pump house. Initial results obtained in FY 91 proved favorable for 
metals and radionuclide removal. An EPA Superfund Innovative Technology *Evaluation (SITE) 
demonstration for the CPFM was completed by Filter Flow Technology at RFP,during PI 93. 

The CPFM operates in a two-step process: (1) prefiltration of bulk solids in the influent stream, 
and (2) sorption and chemical wmplexation of contaminants in a filter bed of insoluble oxide, silica, 
and quartz materials. The proprietary filter material has an affinity for chelated and complexed 
metals, including radionuclides. 

Results of the FY 91 bench-scale testing were presented in the FY 92 Annual Report. After this 
phase of testing, a SITE program was developed to evaluate the specific test parameters to define 
the most favorable conditions for effective contaminant removal. The technical objectives of the 
SITE demonstration for CPFM were to: 

Assess the ability of CPFM to remove trace non-tritium radionuclides and heavy metals. 

Develop capital and operating costs for this technology that can be used in the Superfund 

and DOE decision-making process. 

Determine the ability of CPFM to produce an effluent that meets ARARs which for this 

project are the Colorado Water Quality Control Commission (CWQCC) standards. These 
standards are not identical for each surface water body at RFP. 

I 

Evaluate disposal options and costs for the effluent and filter cake generated from this 

process. 

- 

Document the operating conditions and identify operational needs, such as utility and labor 

requirements for CPFM. 

While all testing was completed in FY 93, analytical results will not be available for summary in the 
FY 93 Annual Report. These results will be provided in the FY 94 Annual Report if available. In 
addition, the EPA is expected to develop a report based on analytical results of the CPFM tests in 
FY 94. 
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5.5 COLLOIDAL/SOLUTION - PHASE TRANSPORT OF RADIONUCLIDES 

A joint study was initiated between DOE and the USGS in FY 92 to evaluate colloidal-and solution- 
phase transport of americium and plutonium in groundwater at RFP (USGS, 1992). Research 
objectives of the project were to: 

Determine chemical and mineralogical characteristics of colloidal material in groundwater 

and surface water for evaluating sorption affinity of the radionuclides to  colloids 

Determine phase distribution of the radionuclides between colloidal and solution phases 

Determine distribution variations of the radionuclides along a groundwater flow path 

Interpret phase distribution results related to radionuclide transport to evaluate remediation 
issues. 

The study was divided into two phases. Phase I was completed in April 1992 and involved 
preliminary groundwater sampling, colloidal filtration for radiochemical arid scanning electron 
microscope analysis, and preparation of an initial report. The five conclusions reached during 
Phase I research follow. 

Particulate and colloidal material in water facilitate the transport of plutonium in the 

groundwater; up to  65% of the plutonium -239 and -240 activity in the groundwater was 
associated with the colloidal (22%) and particulate (43%) fractions. The dissolved fraction 
contained the remaining 35% of plutonium activity. Isotopes of americium and uranium 
concentrations were too low for analysis. 

Mineral species such as iron oxyhydroxide (greater than 5 microns) and clay minerals (from 

0.1 to 5 microna) in the particulate fractiorl may potentiate the transport of radionuclides 
by sorption, increasing mobility. Organic species may contribute to the transport of 
actinides in the colloidal fraction. 

Relatively high concentrations of zinc and copper found in the smallest colloidal fraction 

suggest organic complexation of the metals by humic and fulvic acids. The role of organics 
as complexation agents for actinides both in the particulate/colloid and the dissolved 
fraction will be studied further in Phase II. 

Colloid concentrations are much less than 1 mg/L in the groundwater, which poses 
challenges to the isolation and characterization of the colloidal phase. Phase II sampling will 

require filtration of larger volumes and require longer storage times. 
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Enhanced transport is possible during periodic leaching events. Future sampling will need 
to coincide with rain or snow melt to evaluate the effect of episodic leaching events. 

For purposes of this report, particle size fractions are defined as follows: 

Particulate fractions - particles greater than 0.45 pm in size 
Colloidal fractions - particles between 0.001 pm and 0.45 pm in size '.' 

Dissolved fractions - particles less than 0.001 pm in size. 

Water samples from RFP examined during the study originated from groundwater we.. number 
1587, and surface water seeps SW-51 and SW-53. Well 1587 is a shallow alluvial monitoring well 
located about 100 meters (m) east of the 903 Pad at RFP; SW-51 is a shallow stream that empties 
into a drainage ditch at the perimeter of the 903 Pad area; SW-53 is a marshy area about 300 m 
east-southeast of the 903 Pad. 

The draft Phase II report was being prepared and reviewed at the time it was being investigated 
for inclusion in the FY 93 report. As a result, the following findings are the only findings that can 
be reported in the FY 93 report at this time. These findings summarize the draft Phase II report 
based on the studies performed by the USGS. 

Colloidal-size particles comprised significant weight percentages of the total particle mass 

in each of the water samples examined. On a weight percent basis, they were the 
predominant particle size range in two of the water samples, Le., the groundwater from 
Well 1587 and the surface water from SW-51. Particulate-size particles comprised most 
of the particle mass in the water sample from SW-53. 

The isolated particutates appeared to be predominantly inorganic in composition, including 

iron oxides, layer silicates, and, a t  SW-53, calcite particles. Colloidal particles included the 
above minerals, but differed from the particulate compositior, in that organic carbon was 
a major constituent. 

. 

Plutonium-239 and -240 activity in the water samples was associated predominantly with 

the particulate fraction. 

Americium-241 activity distribution was more variable than the plutonium distribution 
among the water samples examined. In the groundwater sample, 73% of the total activity 
was associated with the dissolved and colloidal size fractions. In the surface water sample 
at  SW-53, 97% of the total activity was associated with the particulate fraction. 
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More than 99% of the total uranium-233 and -234 activity is associated with the dissolved 
. fraction in the water samples examined. Dissolved fulvic acids are a potentially important 

sorption substrate for uranium in these waters. 

5.6 SITWIDE TREATABILITY STUDIES - ION EXCHANGE AND ADSORPTION 

The TSP specified performing treatability studies for ion exchange and adsorptionprocesses as part * 

of the sitewide treatability study program. The Final Workplan for these treatability studies was 
submitted in FY 93 (EG&G 1993f). Bench-scale treatability testing was completed in FY 93 to 
evaluate the ability of selected adsorbents to remove a variety of groundwater and surface water 
contaminants previously identified at RFP (EG&G 199383. The ion exchange study results are 

expected to be available in FY 94. 

The chemical contaminants evaluated for the adsorption study were: beryllium, chromium, iron, 
lead, manganese, mercury, selenium, americium, plutonium, and uranium. Two groundwater 
samples and one surface water sample were obtained from RFP locations believed to contain the 
chemicals of interest based on existing analytical data. The three water samples were composited 
to comprise the test feed solution. A portion of the feed solution was then obtained from the total 
composite sample for testing six specific commercially-available adsorbents: GAC (Filtrasorb-300), 
granular activated alumina (F-1 1, immobilized biological agent (BIO-FIX), natural zeolite 
(clinoptilolite), mixed metal oxide (SORBPLUS), and bone charcoal (BRIMAC-2 1 61. 

The adsorbents were slurried with deionized water and placed in columns 2.0 centimeters (cml in 
diameter and 15 cm in height. A peristaltic pump was used to ensure a constant feed solution 
flow rate to the columns, which then flowed by gravity through the column. Approximately 3.7 
liters of treated effluent were passed through each column; the first 250 milliliters (ml) passed 
through the column were discarded from use for analytical testing. Residence time in the columns 
was held between 9 and 10 minutes. Approximately 80 total column volumes (based on sorbent 
pore volume) passed through each of the six test columns. 

~ 

Tight schedule constraints prevented analytical testing to be completed on the composite feed 
water sample prior to initiating the column tests. As a result, treatability test data were of limited 
use since only manganese and selenium concentrations in the feed solution were above TSB levels. 
Iron and total uranium concentrations were below TSBs but above analytical detection limits. The 
remaining chemicals evaluated in the study were not present in the feed solution above analytical 
detection limits and thus could not be used to calculate adsorbent removal efficiencies. 

5-1 9 



Table 5-4 summarizes test results of feed solution chemical concentrations and effluent 
concentrations from each column. Table 5-5 summarizes removal efficiencies for manganese, total 
uranium, selenium, and iron. Filtrasorb-300 and SORBPLUS were effective sorbents in removing 
between 23 and 70% of the manganese present. Only SORBPLUS was effective in removing 
selenium (99% removal). Each sorbent showed a 66% iron removal efficiency; however, this 
percentage is based on analytical quantitation limits and may be actually greater. For uranium, F-1 
and SORBPLUS were 99% effective, while the remaining sorbents ranged from 0 to 61 % effective. 

Since analytical data for the feed solution was not available before testing began, additional testing 
would be needed to evaluate the treatment effectiveness for specific radionuclides for the selected 
sorbents. The study will be repeated with fresh field samples from recently analyzed wells in 
FY 94. 

5.7 LANL CHELATING AGENT TREATABILITY STUDY 

A treatability study was performed at LANL to evaluate thermally enhanced aqueous extraction of 
radionuclides from RFP soils at the 903 Pad area of OU 2. The study combined redox, chelation, 
and steam extraction technologies into a single effort. The study completed during FY 93 was for 
POP evaluation to mobilize radionuclides from soil (EG&G 1993h3. 

The study was comprised of the following three phases: 

Phase I - Choose potentially promising chelation/redox systems using bench-scale 
chemically enhanced steam extraction tests 

Phase II - Identify most promising chelationhedox systems with bench-scale soil-column 
washing tests 

Phase Ill - Optimize best chelationhedox systems with parametric bench-scale soil-column 

washing tests. 

For the three phases of this study, the stated objectives were to: 

Select appropriate chelationhedox systems for OU 2 soils and define the bench-scale test 

plan 

Perform bench-scale tests to evaluate mobilization and removal efficiencies for plutonium 
and americium with chemically enhanced steam 
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TABLE 5-4 

Analyte 

Beryllium 

Chromium 

Iron 

Lead 

Manganese 

Mercury 

Selenium 

Americium241 

+ 

Uranium (Total) 

Uranium234 

Uranium238 

TDS @ 18OOC 

TDS.@ 105OC 

PH 

Units 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mglL 

pCilL 

pCi/L 

PQ/L 

pCilL 

pCi/L 

mg/L 

mg/L 

SITEWIDE TREATABILITY STUDIES, ADSORPTION STUDY RESULTS 
FOR CONTAMINATED GROUNDWATER AND SURFACE WATER' 

F-1 

~ 0 . 0 0 5  

c0.005 

co.01 

< 0.005 

0.077 

< 0.000 1 

0.18 

0.00 f0 .03  

0.00 kO.01 

co.1 

O.OfO.1 

0.0*0.1 

680 

6 

8.0 

BIO-FIX* 

c0.005 

c0.005 

<0.01 

~ 0 . 0 0 5  

0.056 

co.ooo1 
0.20 

0.00 f 0.02 

0.00 fO.01 

2.4 

1.OfO.2 

0.9 f 0 . 2  

730 

c5 

7.8 

Zeolite' 
~~~~~ ~ 

~ 0 . 0 0 5  

e0.005 

co.01 

<0.005 

0.067 

<0.0001 

0.19 

0.00 f 0.02 

0.06 f0.05 

3.2 

1.6 50.2 

0.9 f 0.2 

740 

e 5  

7.8 

Filtrasorb-300' 

c0.005 

c0.005 

<0.01 

c0.005 

c0.005 

<0.0001 

0.18 

0.00 f 0.03 

0.00 f 0.01 

2.9 

1.4 k0.2 

1.OfO.2 

690 

c5 

8.0 

SORBPLUS ' 
c0.005 

~ 0 . 0 0 5  

co.01 

c0.005 

c0.005 

co.ooo1 

c0.005 

0.01 f0 .03  

-0.01 f0 .02  

co.1 

O.OfO.1 

0.0 f 0.1 

3 50 

6 

11.2 -- 
All values reported as dissolved concentrations. Solutions were filtered at 0.45pm prior to  analyses. 
Commercial trade name for a proprietary sorbent material. 

BRIMAC-2 1 6' 

<0.005 

c0.005 

co.01 

c0.005 

0.030 

c 0.0001 

0.18 

-0.01 fO.02 

0.01 f0 .02  

1.2 

0.6 f 0 . 2  

0.5k0.1 

7 20 

6 

7.8 

Feed 
Solution 

<0.005 

c0.005 

0.03 

c0.005 

0.10 

c 0.0001 

0.18 

0.1 6 f 0.07 

0.01 f0.03 

3.1 

1.5 f 0 . 3  

1.2 k0.2 

740 

c5 

7.6 

mg/L = miligram per liter 
pCi/L = pic0 Curie per liter 
pglL = microgram per liter 
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TABLE 5-5 

SUMMARY OF REMOVAL EFFICIENCIES (%) FOR 
ADSORPTION TREATABILITY STUDY RESULTS 

Adsorbent 

Filtrasorb-300 

F- 1 

610-FIX 

Zeolite 

SORBPLUS 

BRIMAC-216 

I Analyte 

Manganese 

99 

23 

44 

23 

99 

70  

Total 
Uranium 

6 

99 

23 

0 

99 

61 

Selenium 

0 

0 

0 

0 

99 

0 

Iron 

67 

67". , ' 

6 7  

67 

67 

67 
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Perform bench-scale tests to evaluate mobilization and removal efficiencies for plutonium 

and americium simulating in situ redox conditions. 

A summary of soil washing studies at  RFP, along with descriptions of redox and chelation 
chemistry and steam stripping, were given in the treatability study workplan (EG&G 1993h3. The 
concept of chemically enhanced steam stripping is similar to conventional steam injection systems 
with chemical addition modifications to the system. 

Leaching agents used to begin the study were selected based on previous experience with 
plutonium-bearing soils from the Nevada Test Site (NTS). Previous studies with NTS soils indicated 
the majority of the plutonium was associated with soil particles less than or equal to 53 microns 
in size. Key experimental parameters were soil to solution ratio, contact time, solution 
concentrations, and method of phase separation. 

Each test combination for batch desorption tests was performed at 8OoC, with complexing agent 
concentrations of approximately 0.1 molar (MI, redox agent concentrations of approximately 30 
to 50% of the complexing agent, a 1:20 soil to solution ratio, a 24-hour contact time, and 
centrifugal phase separation. The most effective combinations were then taken to bench-scale 
column tests. In these tests, 10 to 20 column volumes were passed through the columns to 
evaluate radionuclide leaching under in situ conditions. Finally, bench-scale studies were 
completed to optimize key experimental parameters, namely to maximize plutonium recovery and 
minimize the total chemical loading to the system. Mass balances for plutonium concentrations 
were calculated for each experimental phase during the optimization testing. 

Data for the work completed in PI 93 available to date are summarized in Table 5-6 for americium 
and plutonium extraction effectiveness. These results are based on gamma counting of the treated 
soil. Alpha counts of the liquid extractants are not yet available. As seen in Table 5-6, sodium 
citrate was the most effective extractant used in combination with a majority of the various redox 
agents used. The most effective combination was sodium citrate with Na,S,O,. Both citric acid 
and EDTA provided promising results for americium and plutonium extraction. 

5.8 TREATABILITY STUDY WORK PLAN FOR OXIDATION/REDUCTION PROCESSES 

A workplan to examine the treatment effectiveness of a variety of oxidationheduction (redox) 
processes on representative groundwater and surface water samples at RFP was finalized in FY 92 
(EG&G 1992fl. Three phases of work, which are likely to require 29 weeks to  complete, were 
identified in the workplan. However, the proposed activities were not initiated in FY 93. These 

activities are expected to be performed in FY 95. 
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TABLE 5-6 

Extractant % Am Extracted % Pu Extracted 

0.1 M Citric Acid/O.l M NazS204 

0.1 M Citric Acid/O.l M NH20H HCI 

0.1 M Citric Acid/O.l M Ascorbic Acid 

0.1 M TETA/O.l M NaHC0,/5% NaOCl 

0.1 M TETA/O.l M NaHC0,/3% H,O, 

0.1 M TETA/O.l M NaHCO,/O.l M Na,S20s 

0.1 M TETA/O.l M NaHCO,/O.l M Na2S20, 

0.1 M TETA/O.l M NaHCO,/O.l M NH,OH HCI 

14.5 50.5 

1.5 25 

15.5 18 

8.5 13 

0 0 

4.5 17.5 

0 0 

0 12 

0.1 M TETA/O.l M NaHCO,/O.l M Ascorbic Acid 3 10.5 

0.1 M Na,CO,/O.Ol M Fe3+/3% H202 

0.1 M NaHCOJO.01 M Fe3+/3% H,O, 

5-24 

0 13.5 

0 5 

0.1 M TEG/O.l M NaHCO, 

0.1 M TEG-DMWO.l M NaHCO, 

0 0 

0 0 

0.1 M TEG-DME/5% NaOCl 

0.1 M TEG-DME/O.l M Na2S20s 

0.1 M TEG-DME/O.l M Na,S,O, 

0.1 M TEG-DMWO.1 M NH2OH HCI 

0.1 M TEG-DME/O.l M Ascorbic Acid 

0.1 M TEG-DME/O.Ol M Fe3+/3% H,O, 

0.1 M Sodium Citrate/O.Ol M Fe3+/3% H,Oz 

0 8 

0 0 

0 0 

0 3 

0 0 

N/A NIA 

42.5 43 
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TABLE 5-6 

Extractant % Am Extracted % Pu Extracted 
I 

0.1 M Citric Acid/3% H,Oz 20 39 

0.1 M Na,CO,/O.l M Na,S,O.+ 0 3 

LANL CHELATING AGENT PRELIMINARY TREATABILITY STUDY RESULTS 
(continued) 

0.1 M Na,CO,/O.l M NH,OH HCI 0 0 

0.1 M Na,CO,/O.l M Ascorbic Acid 

0.1 M NaHCO, ' : 

26.5 20 

2 11.5 

0.1 M NH,OH - HCI 0 1 0 

0.1 M NaHC0,/5% NaOCl 

0.1 M NaHC0,/3% H,02 

0.1 M NaHCO,/O.l M Na2S20, 

0.1 M NaHCO,/O.l M NaZS204 

0.1 M NaHCO.JO.1 M NH,OH HCI 

13 14 

0 0 

0 9.5 

0 3.5 

0 2 

0.1 M NaHCO,/O.l M Ascorbic Acid 

0.1 M Nitrilotriacetic Acid/2 ea NaOH 

22 10.5 

47.5 2 

0.1 M Nitrolutriacetic Acid/3 eq NaOH 40.5 22.5 

0.1 M Sodium Citrate/5% NaOCl 

0.1 M Sodium Citrate/3% H,O, 

0.1 M Sodium Citrate/O.l M Na,S,O, 

0.1 M Sodium Citrate/O.l M Na,S,OA 

12 0 

42 19 

45 28.5 

57 60.5 

5-25 

0.1 M Sodium Citrate/O.l NH,OH - HCI 41 36 

0.1 M Sodium Citrate/O.l M Ascorbic Acid 

0.1 M Nitric Acid 

58 51 

6.5 0 

0.1 M Ascorbic Acid 0 0 

0.1 M Citric Acid/5% NaOCl 

0.1 M Citric Acid/3% H,O, 

0.1 M Citric Acid/O.l M Na,S,O, 

0.1 M EDTA/3% H,O, 

3 32 

13.5 41.5 

6.5 30 

46.5 26 

0.1 M EDTA/O.Ol M Fe3+/3% H,O, 

0.1 M TETA/3% H,O, 

0.1 M TETA/O.Ol M Fe3+/3% H,Oz 

0.1 M TEG/3% H,O, 

0.1 M TEG/O.Ol M Fe3+/3% H202 

~ 

0 0 

0 9 

N/A N/A 

0 0 
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5.9. SOLAR DETOXIFICATION PROJECT 

Science Applications International Corporation (SAIC) has proposed the demonstration of a reactor 
at RFP for photocatalytic detoxification of water using the ultraviolet component of sunlight. The 
photoreactor can be used to detoxify a variety of compounds commonly found in contaminated 
groundwater, such as trichloroethene. Previous bench-scale tests a t  SAlC have indicated that the 
fixed-catalyst system was able to reduce trichloroethene concentrations from 1 ppm to below 
5 ppb in less than three hours of exposure. 

The SAlC one-sun reactor is rugged, flexible, low-cost, and modular. The unit consists of a plastic 
film envelope that is welded together to form multiple flow passages. Water is detoxified as it is 
pumped through the flow passages and comes in contact with a supported titanium dioxide 
catalyst and ultraviolet light from the sun. 

A field demonstration of the SAlC photoreactor has been proposed at RFP for FY 94 and FY 95. 
A final site for such a demonstration has not been confirmed, although multiple OUs have been 
identified as potential candidates. 

5.1 0 COMPREHENSIVE TREATMENT MANAGEMENT PIAN 

The Comprehensive Treatment Management Plan (CTMP) was developed by DOE to comply with 
Land Disposal Restrictions (LDRs) specified in Title 40 of the Code of Federal Regulations (40 CFR), 
Section 268. This RCRA restriction requires that a generator of a hazardous and/or mixed waste 
must treat the waste to meet specific concentration based treatment standards or must treat the 
waste utilizing specific treatment technologies prior to disposal of the waste. The LDRs also 
prohibit long term storage of hazardous or mixed waste that do not meet the treatment standards 
unless such stwage is specifically n... for the purpose of accumulation of such quantities of 
hazardous waste as necessary to facilitate proper recovery, treatment, or disposal.. .n (40 CFR 
268.50). Because of acknowledged lack of mixed waste capacity on an RFP-specific and on a 
national basis, accumulation of mixed waste a t  RFP may be inconsistent with the storage 
prohibition of 40 CFR 268.50. As a result, DOE and EPA entered into a Federal Facility Compliance 
Agreement (FFCA) which provided time for RFP to systematically address and achieve total 
compliance with the LDR regulations. The agreement does not place RFP into compliance; 
however, it does provide a mechanism for DOE to take a variety of steps to resolve the LDR issues. 
At the current time, all compliance requirements specified in the FFCA were met on or ahead of 
schedule. The FFCA expired in May 1993; however, RFP continues to pursue the requirements 
of the agreement as it were still in place to continue to demonstrate RFP’s commitment to 
compliance with the LDR regulations. 
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The primary mechanism for achieving compliance is stated in the CTMP, in which RFP has outlined 
the approach, schedules, and milestones for developing and implementing systems for treating 
mixed wastes to  satisfy the treatment standards specified in the LDR regulations. Specific 
milestones scheduled in the CTMP include: 

Submitting treatability study exemptions 

0 .  

Submitting research and development (R&D) permit applications 
Submitting Part B permit application modifications 
Initiating SO testing on the production facility or system 
Submitting a waste processing schedule. 

To treat the wastes subject to LDRs as described in the CTMP, the following treatment systems 
were recommended by DOE: 

Low-level mixed (LLM) waste solvent contaminated waste treatment system 
LLM solidified sludge treatment system 
Miscellaneous LLM waste form treatment system 
Building 374/774 waste treatment system 
LLM surface organics removal treatment system. 

The proposed schedule for achieving the various CTMP milestones extends from FY 92 through 
FY 2012. 

In support of the development of these treatment systems, a variety of mixed waste treatment 
technologies are being developed and evaluated including polymer encapsulation, cementation, 
microwave solidification, incineration, alternatives to incineration, and others. 

Although RFP is still pursuing those development activities outlined in the CTMP, the CTMP is 
currently being replaced by a "Site Treatment Plan." Each site within the DOE complex is preparing 
a Site Treatment Plan as required by the Federal Facility Compliance Act of 1992. This Site 
Treatment Plan recommends that ongoing CTMP mixed waste treatment studies continue to 
achieve compliance with the LDR regulations. 

* 

5.1 1 SITEWIDE TREATABILITY STUDY/FEASIBILITY STUDY INTEGRATION 

Activity Data Sheets (ADSs) for sitewide projects contain work packages that support the 
Interagency Agreement (IAG) work on the various OUs directly. The purpose of the sitewide 
integration program is to provide DOE and EG&G management a concise document that will 
support continued funding of the sitewide projects by showing: 
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A concise narrative of each project and how it relates technically to OU RFI/RI, IRA, FS, 

and final remediation schedules. 

A schedule for each project, demonstrating how the project parallels and integrates into 
the RFI/RI, CMS/FS processes and into final .remediation. The schedule shows the 
manner in which sitewide projects are interfaced with the individual OUs’ IAG 

schedules. 

Deficiencies and impacts should sitewide projects not be funded to full levels. 

While necessary data for these report items has been compiled in a tabular format, no schedule for 
preparing a formal document has been defined to date. 

5.1 2 SECONDARY RESIDUES FROM TREATABILITY STUDIES 

Treatability study processes will produce secondary residues as a by-product of treatment. 
Requirements for handling the residues and wastes will vary with regard to the contaminants 
involved as well as the treatment methods employed in the treatability study. Therefore, the 
residues produced by each treatability study must be considered separately as part of a waste 
management plan. 

In general, it is expected that the secondary residues from water treatment processes will be 
minimal. The residues will consist of treatment materials, ion exchange resins, adsorption 
materials, treatment sludges, and contaminated equipment (gloves, miscellaneous laboratory 
equipment, etc.). The treated water itself will be disposed of at the treatment site, in accordance 
with the permits held by the treatment facility. Untreated water, depending on the volume 
remaining, the contaminant involved, and the contaminant level, will either be disposed of at  the 
treatment site (i.e., off-site treatability stbdy laboratory) or returned to  RFP for treatment and/or 
disposal. 

Secondary residues from the soil treatability studies are expected to fall into one or more of the 
following categories: 

Clean soil fraction which does not require any further treatment and could be used as 
back fill in the area where the soil was obtained 

Concentrated plutonium fraction 

Fraction containing concentrated heavy metals 
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Fraction containing organic materials 

Miscellaneous (gloves, laboratory equipment, etc.) 

All secondary residues will be maintained as separate products. 

Once the treatability study has been completed, it is expected that all of the secondary soil 
residues will be returned to RFP along with any untreated soils for proper treatment and disposal. 
The miscellaneous fraction may or may not be returned to the RFP depending on the treatability 
study vendor's procedure for handling these waste materials. Any concentrated plutonium fraction 
will require extra consideration to determine if the elevated plutonium levels will require more 
stringent handling in accordance with Department of Transportation (DOT) regulations. 

The issue of secondary treatment will be considered as necessary for each treatability study. For 
most studies the quantities involved range from 50 to a few hundred pounds and likely will not fill 
more than one or two 55-gallon drums. 
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6.0 
FUTURE PLANS, PRIORITIES, AND SCHEDULES 

Fy 95 plans are to be developed following release of this FY 93 Annual Report and will be based 
on the latest data and information contained in this FY 93 Annual Report and review of specific 
data needed to suppon OU CMS/FS reports. 

After a technology has been screened using technological criteria, administrative screening must 
take place prior to approving and funding a study for prioritization. Administrative factors 
historically used for technology selection and prioritization include: 

Project cost 

Internal scheduling. 

Anticipated degree of clean-up success 
Applicability to RFP environmental remediation efforts 

Use of these factors has resulted in identifying the technologies and deliverables in Table 6-1. The 
majority of the treatability studies listed in Table 6-1 will be completed (im, bench-scale testing 
will be complete and preliminary results reviewed with the Agencies) by November 12, 1994. The 
exceptions to this follow. 

Chemically Enhanced Steam Stripping (CESS) will be conducted at LANL. The target 
date for completion is November 12, 1994. A final date will be negotiated with LANL 
during contract negotiations. 

Solvent Extraction requires a "hot laboratory." EG&G and DOE/RFO are currently 
auditing four laboratories located in the Denver/Fort Collins area which have an 
applicable Colorado Department of Public Health Radioactive Materials License. Should 
the laboratories not require upgrading, the test programs will be completed by 
November 12, 1994. 

A workplan will be developed by November 12, 1994 for stabilization/solidification. 
Bench-scale treatability studies will be conducted in FY 95. 

Solar Detoxification is scheduled for completion in FY 95. - 

DOE will submit a workplan outline for agency review and comment. DOE will subsequently 
incorporate agency comments in the final workplan outline with the agreement of the other 
participants in the treatability study. 
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To improve communications, the three parties to the IAG will continue to hold quarterly meetings 
to  present and discuss the status of various studies, as well as provide weekly highlights and/or 
monthly summaries of programs. In addition, when significant events affect current schedules, 
formal notification will take place requesting schedule extensions per Part 42 (Extensions) of the 
IAG. 

- _  
... . 

. ... .:r . 
.. " 
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TABLE 6-1 

Report to RFO Workplan Workplan to 
Agencies Approval Of 

Workplane Completed to  RFO Treatabiriy Study 
fleport to 
Agencies 

Comment s 

Soil Washing-NRT' Jul-92 Jul-92 Yes 

TRUcban" Nov-9 1 Feb-92 Feb-93 

EPA SITE Demo NIA NIA NIA 

Plasma Meker NIA NIA NIA 

Adsorptbnm 

Ion Exchange' 

TRUcbaP 

Magnetic Separation' 

Chmk.lfy Enhanced Steam Stripping 

Bkremediatkn 

Solvent Extractbn 

Physkd Gepmatbn 

A q - 9 3  

Sep-93 

Sep-83 

Jan-94 

StabilhatbnlGOUdifketlon 

OxldatbnlFbductbn ' 
UttrrlMkrofUtretbnm 

Rad Dtscharge Control 

6011 Washing - LANL 

Solar DetoxWkatbn 

Jun-93 

JIM-93 

F0b-94 

Nov-91 

Mer-94 

Mar-94 

Jul-94' ' 
Nova 1 

sop-94 

Ikc-9 1 

NIA 

sop-9 1 

NIA 

May-94 

YbB 

Yes 

open 
NovQ 1 

Open 

Open 

Fob-92 

Jan42 

NIA 

YO6 

NIA 

Open 

AI-94 

Aw-94 

Aug-94 

.M-94 

0 6 - 9 4  

sop-94 

Oct-94 

16-May-94 30-Maw94 1 30-Mar94 

16-Apr-94 29-Apr-94 

3-oct-94 

13-Jun-94 

1 1-0~t-94 

1 1 -01%-94 

27-06-94 

1 4 - 9 4  

2 1 -Nova4 

17-Nov-94 

24-NOV-94 

26-0ct-94 

26-0ct-94 

I O - N ~ V - B ~  

16JUl-94 

0-h~-94 

1 -Dec-94 

8-Dec-94 

negotiatbn is completed. 

Document to be Issued by EPA SITE Program. 

Phase 1 (FY 94) Report. 

Phase i and II. 
Schdub behg developed. 

Samples from TRUcbm' to  be resubmltted for metals 
m)ysls.  

Workplan to  cover four studies. 

2-May44 

Yearly 

2 1 -Mar-94 

17Jul-96 

1 0-May-94 

4-Apr-94 

314111-96 

Revised Workplan to WElRFO - Aq-94.  

Report t o  be Isswd by tho USGS to WE. 

Phase 111 compbted in Sep-94; resdt6 presented In 
Annual TS Report. 

. Od&d 13 T.S. 

' Tentatlve Date 

OUTSTANDING ISSUES 
~ ~ ~~~ ~~ 

a) Plasma Meker - Issuance of EG&G Rocky Fiats report t o  DOElRFO delayed until approximately May 1994 when EG&G Idaho completes proprietary evaiuatbn of Lockheed technology report for I% E 
remediatbn program expected in April 1994. 

NOTE: This schedule Is a draft schedule. DOEJRFO, EPA, and CDH are negotiating the schedule for these treatability studies. 
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APPENDIX A 
TECHNOLOGY SELECTION AND SCREENING 

Appendix A of the FY 93 Annual Report provides a review, reevaluation, and rescreening of 
technologies identified in the TSP and the FY 91 and 92 Annual Reports for consideration as part  

of the RFP sitewide Treatability Studies Program. To this end, Appendix A of the FY 93 Annual 
Report presents new site characterization data, changes and/or additions to chemical-specific TSBs, 
and results of a literature search to identify potentially applicable technologies not previously 
considered for remediation efforts at the RFP. New technologies were identified and screened 
during preparation of the FY 93 Annual Report using the methodology identified in both the TSP 
and the FY 91 and 92 Annual Reports. This section briefly reiterates the previously outlined 
methodology, and the recent technology screening effort. 

A decision process schematic defines the relationship among Treatability Study Programs at RFP 
for individual OU and sitewide efforts. Figure A-1 shows this process, which graphically depicts 
management decision factors and their relation to the technology selection process. The process 
has three components for the screening effort, which include: (1 1 emergency source removal 
completed under an IM/IRA; (21 sitewide consideration of technologies; and (3) OU-specific 
consideration of technologies as part of the FS process. 

The FY 92 Annual Report recommended treatability testing of radio frequency heating. This 

recommendation was based on the belief that radio frequency heating offered significant promise 
of contributing to remediation efforts at RFP. At  the completion of this FY 93 Annual Report, no 
further commitments regarding testing radio frequency heating have been made at the RFP. 

In addition to the screening process for the treatment technologies newly identified in FY 93, a 
reevaluation of water treatment and soikediment treatment technologies selected from bench- or 
laboratory-scale treatability testing in the TSP was performed. Results of this reevaluation are 
presented in Section A.3, following the current technology screening review. 

~ A . l  TECHNOLOGY SELECTION PROCESS 

The site characterization data available through RFEDs as of September 30, 1993 were reviewed 
and compared to potential TSBs in order to identify major contaminant types and associated media 
that exist a t  RFP. This review focused on data newly incorporated into RFEDS during the period 
between completion of the Draft FY 92 Annual Report and September 1993. A literature/database 
search was conducted to identify new or innovative technologies not previously described, and 
new information on existing technologies potentially applicable to the contaminant types and media 
identified in more than one OU. 
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Technologies identified from the literature/database search were subjected to a two-step screening 
process. Technologies were selected for screening if they had not been evaluated in the TSP or 
the FY 91 and 92 Annual Reports, or if new information was available on previously considered 
technologies regarding their potential performance. The first step, preliminary screening, identified 
technologies suitable for consideration as part of the RFP sitewide TSP using screening criteria 
described in detail in Section A.1.3. The second step, final screening, evaluated whether those 
technologies passing the preliminary screening and deemed appropriate for final screening would 
provide beneficial information to the sitewide TSP. A judgment was made as to whether 
treatability testing would be needed to evaluate the technology under consideration. The two-step 
screening method is illustrated in Figure A-2 and described in Sections A.1.3 and A.1.4. 

A. l . l  Site Characterization Data and Potential TSBs Review 

The site characterization data and potential TSBs were updated and reviewed as noted in Sections 
2 and 3, respectively. The contaminants identified during the review of site characterization data 
were grouped in broad categories by contaminant type (e.g., volatile organics, radionuclides) and 
medium (e.g., groundwater, surface water). Potential TSBs were also grouped by contaminant and 
medium. 

A.1.2 Technology Data Review 

The review of technology data included an investigation of the status of ongoing treatability test 
programs and interim remedial actions at RFP, and a search for new information on potentially 
applicable technologies. The status of treatability tests and interim actions in progress a t  RFP was 
summarized in Section 5.0 of the FY 93 Annual Report. Sources of new information on potentially 
applicable technologies include literature/database searches, reviews of conference proceedings, 
EPA guidance documents, DOE reports, and vendor supplied materials. Overa!l, the technology 
data review was primarily focused on treatment technologies that are applicable to existing 
contaminant categories, including technologies previously screened, and technologies that were 
not considered in the TSP and FY 91 and 92 Annual Reports but are appropriate for screening in 
the FY 93 Annual Report based on information regarding treatment performance capability. 
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1 Figure A-2 
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A.1.3 Preliminary Screening Process 

A two-step preliminary screening of treatment tec. .nologies identified as being applicable to the 
major contaminant categories was performed on technologies screened during FY 93. This 
screening shown in Figure A-3 resulted in the selection of technologies considered suitable for 
further consideration as part of the RFP sitewide TSP. The first step screening criteria were used 
to determine the applicability of a technology to  the Rocky Flats Sitewide Treatability Program. 
These criteria included: 

Potential applicability t o  new major contaminant categories that were identified during 
review of new site characterization data 

Potential applicability t o  any major contaminant category, including categories 
previously identified 

Potential applicability of innovative technologies for which information was available 
on performance capabilities as identified from ongoing or completed testing 

Potential applicability to  contaminant categories present at more than one OU. 

Technologies that pass the first step are further screened against the following second set of 
preliminary screening criteria: 

Removal efficiency 

Technology maturity 

lmplementability 
Adverse impacts. 

Potential to  meet clean-up goal(s1 

Operation and maintenance (O&M) requirements 

The screening performed for the FY 93 Annaal Report assumed each of these critaria carry equal 
weight; however, as the environmental remediation process matures at RFP some of the criteria 
may become more important than they were originally. This could result in changes in ranking of 
screened technologies. How the criteria are weighted for use in the technology screening process 
is part of the management decision process (see Section A.1.4). 

Newly identified technologies applicable to  existing contaminant categories were included in the 
preliminary screening process. Technology description summaries were prepared for each of the 
newly identified technologies that survived the preliminary screening criteria. These summaries are 
presented in Appendix D. No new contaminant categories were identified at RFP during’FY 93. 
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A.1.4 Management Decision Factors 

Management decision factors related to technology screening include: 

State and community acceptance 

Schedule constraints 

Budget constraints 
Weighting factors for the technology screening criteria. 

State and community acceptance are important factors and ER Management must be aware of how 

potential treatability processes are regarded by the community. Testing a technology which would 
not be acceptable to the community would be a misuse of resources. Also, if there is not sufficient 

funding or time to  test all of the selected technologies, ER Management will select the technologies 
which will be tested. 

A.1.5 Final Screening Process 

The final screening process illustrated in Figure A-4 selected technologies potentially applicable for 

use in the RFP Treatability Study Program. The overall objective of final screening is to review and 

update the technology selection completed in the TSP and the FY 91 and 92 Annual Reports. The 

final screening applies to technologies: 

Retained following the preliminary screening 

For which new significant information has become available since their initial 

consideration in the final screening process of the Final TSP 

Which were retained ill the TSP or FY 91 and 92 Annudl Reports after preliminary 

screening and were not subjected to the final screening because analytes exceeding 

potential TSBs were not identified in more than one OU in the TSP. 

The following technologies were subjected to a final screening based on the updated review of 

potential TSBs and contamination data in the FY 93 Annual Report. 

Biosorption for capture/degradation of pesticides in aqueous media 

Membrane-based oil extraction for isolation of metal ions in aqueous media 

Ultrasonic degradation of chlorinated hydrocarbons in aqueous media 

X-ray treatment of VOCs in aqueous media. 
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All of the treatment technologies evaluated as part of the FY 93 Annual Report target contaminants 
in aqueous media (i.e., contaminated groundwater and/or surface water) and would require no 
more than bench- or laboratory-scale testing. As shown in Figure A-4, special consideration 
regarding State or community acceptance must be given to those technologies deemed appropriate 
for pilot-scale testing. This particular criterion was not applicable for technologies considered in 
the FY 93 Annual Report. 

A.1.6 Pilot-Scale Testing Evaluation 

The process for implementing treatability studies for pilot-scale testing is presented in Figure A-5. 
This procedure, adapted from the EPA guidance document for conducting treatability studies, was 
designed to allow the continuous evaluation of .new information for each technology based on 
bench-scale testing and a literature search through ‘the life of the treatability program. 
Technologies selected for bench- and/or pilot-scale testing in the TSP and the FY 91 and 92 Annual 
Reports will be reevaluated annually. The review will include additional information on potential 
TSBs, permits, cleanup levels, agency approval, and environmental risks of pilot testing. Relative 
costs for implementing a program for pilot- and full-scale testing will be prep.ared as appropriate. 

A.2 TECHNOLOGIES EVALUATION AND SELECTION SUMMARY 

This section presents results of the technology selection process for technologies that were 
considered potentially applicable for the sitewide TSP. The technologies which passed preliminary 
screening are presented in Section A.2.1. The final technology screening process results are 
presented in Section A.2.2. 

A.2.: Preliminary Screening 

A technology data summary was prepared for each treatment technology that passed preliminary 
screening in the FY 93 Annual Report. These data summaries are included in Appendix D. 

Table A-1 provides a summary of the technologies which passed preliminary screening and were 
considered for incorporation into the sitewide TSP. None of these technologies were evaluated 
previously in the Final TSP or the previous annual reports. Consideration of these new technologies 
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TABLE A-1 

Technology 

Biosorption 

Membrane- 
Based Oil 
Extraction 

Ultrasonic 
Degradation 

X-Ray 
Treatment 

ppb = parts per 

Applicability 

Adsorption and 
biodegrsdation of 
organic 
compounds. 
including 
pesticides 

Extraction of 
VOCs and 
SVOCs, heavy 
metals and 
possibly metallic 
radionuclides from 
aqueous waste 
stream 

Degradation of 
refractory organic 
and chlorinated 
organic 
compounds in 
aqueous or 
solvent based 
waste stream 

Degradation of 
refractory organic 
compounds in soil 
or aqueous 
solutions 

billion 

PRELIMINARY TREATMENT TECHNOLOGY SCREENING 
ROCKY FIATS SITEWIDE TREATABILITY PROGRAM 

Removal 
Efficiency 

>99% for 
conc 
ranging 
from 0.1- 
0.5 ppb 

Not 
Available 

80- > 99% 
(time 
dependent) 

Not 
Available 

Potential to  Meet 
Clean-up Goal 

High 

Moderate 

High 

Not known 

Technology 
Maturity 

Full scale 
trickling fikera 
(fixed biomass 
GACl are 
currently 
available 

Emerging 
technology 
performed at 
laborator y-scale 

Innovative 
technology. 
laboratory-scale 

Emerging 
technology 
laborator y-scale 

O&M Requirements 

Expected to be low to 
moderate 

Expected to be 
moderate to high 
depending on 
contaminant 
concentration. 
dissolution .capacities 
of solvent and 
membrane durability 

Expected to  be 
moderate 

High - skilled 
equipment operation 

lmplemantability 

Easily implementable 
as part of pump-and 
treat system 

Moderate to difficuk 
depending on system 
size and membrane 
durability 

Technology currently 
available at laboratory- 
scale 

Difficult 

Adverse Impacts 

Possible toxic 
metabolites 

Additional treatment 
of residual waste 
maybe necessary 
following separation 

Incomplete 
degradation may 
produce toxic 
intermediates 

Incomplete 
degradation may 
produce toxic 
intermediates. 
Possible dangerous 
working conditions 

Retain 
YssiNo' 

No 

No 

No 

No 

1 See Section A.2.2 for explanation of why  none of the screened technologies were retained for further treatability testing. 
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does not stem from the discovery of new contaminants/media at RFP. Their consideration is due 
to information collected during preparation of the FY 93 Annual Report which revealed their 
potential applicability to treatment of previously identified contaminants and media. Their 
evaluation in this report supplements those technologies investigated during the TSP and the 
annual reports. 

A.2.2 Final Screening 

None of the new technologies considered in the FY 93 Annual Report (ultrasonic degradation of 
chlorinated hydrocarbon compounds, membrane-based oil extraction, x-ray treatment, and 
biosorption) were retained beyond the first screening criterion shown in Figure A-4. None of the 
technologies offered advantages over other previously considered available and proven 
technologies. 

Each of the technologies targeted clean-up of .aqueous media, Le., groundwater and/or surface 
water contaminated with VOCs and or metals, and each technology was eliminated during the 
screening process due to  their very early stage of development, a characteristic of each of the 
technologies, and their lack of demonstrating significant potential improvements over technologies 
considered for similar applications to  date. The latter reason cited for eliminating these 
technologies is especially significant given the status of ER activities at the RFP. Specifically, 
treatability studies with these developmental technologies is not warranted considering that they 
offer no significant benefits over those technologies currently being tested or utilized on a large 
scale at the site (e.g., UV/Oxidation treatment of VOC-contaminated groundwater at OU 1 and 
precipitation/filtration for metals removal at OU 2). 

. 

A.3 REEVALUATION OF TECHNOLOGIES RECOMMENDED IN TSP 

The TSP selected five water treatment and eight soil/sediment treatment technologies for bench- 
or laboratory-scale treatability testing. These technologies were reevaluated as part of the FY 93 
Annual Report, which is described in the following subsections. The reevaluation was in 
accordance with the screening process depicted in Figures A-2 through A-5. 

A .3.1 Water Treatment Technologies 

Technologies selected for bench- or laboratory-scale treatability studies for RFP groundwater and 
surface water in the TSP were: 
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Redox 
Ion Exchange 
Adsorption 
Potassium ferrate precipitation 
Ultrafiltration/Microfiltration. 

Oxidation and ion exchange have been successfully implemented for groundwater treatment as part 
of the OU 1 IM/IRA (Section 5.1.1 1. Oxidation of organics is achieved by UV/peroxide treatment, 
while radionuclides are removed using four ion exchange reactors in series. These technologies 
are conventional and proven methods for organic destruction and radionuclide removal. Based on 
the results of the OU 1 IM/IRA, these technologies warrant additional consideration for treating 
contaminated water from other OUs at RFP. Treatability tests would only be needed should 
significant differences in water chemistry exist for a given water source as compared to  the OU 
1 groundwater. Oxidation by UV/peroxide treatment and radionuclide removal by ion exchange 
have essentially been carried through pilot-scale treatability testing with the OU 1 IMARA. No 
additional tests would therefore be needed to  demonstrate its effectiveness. 

Specific tests for redox treatability testing have not been performed t o  date, although work plans 
for such work have been completed. Redox testing is expected to  be completed during FY 94, and 
will be reported in the FY 94 .Annual Report if available. Redox treatment is also a conventional 
and proven technology for both organic destruction and radionuclide removal, and results are 
expected to  be favorable. Redox chemistry was used successfully in the precipitation treatability 
work at the OU 2 Surface Water IM/IRA, and lends support to  this technology as proven and 
reliable for RFP contaminants. Future treatability testing is recommended for the redox technology. 
The technology would only be dropped from further consideration if results of such testing indicate 
its ineffectiveness. 

Adsorption treatability testing was performed for surface and groundwater samples from RFP 
sources belisved to  contain selezted metals and radionlrclides above TSB levels. The tasting 
evaluated a variety of commercially available sorbents. Results were generally inconclusive since 
most of the target analytes were below TSB levels. Since adsorption has been demonstrated 
elsewhere as effective for metals and radionuclide removal, similar positive results would be 
expected at RFP. Additional treatability testing using field samples with higher levels of 
contaminants of concern, if necessary, are warranted to  evaluate its effectiveness for RFP OU- 
specific water contamination issues. In addition to  the aforementioned treatability testing, GAC 

adsorption was used as a polishing step for the OU 2 Surface Water IMARA. Results available to 
date suggest GAC adsorption is effective in organics removal. Future treatability testing is 
recommended for adsorption treatment. The technology would only be dropped from further 
consideration if results of such testing indicate its ineffectiveness. 
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Potassium ferrate precipitation has been demonstrated as a proven and reliable technology on a 
full-scale basis for metals and radionuclide (uranium) removal associated with environmental 
remediation projects conducted by Analytical Development Corporation of Colorado Springs, 
Colorado. To date no treatability testing using this process from RFP water samples has occurred. 
However, the completed work on aqueous media contaminated with similar constituents as those 
at RFP suggest favorable results would be achieved, thus resulting in a recommendation to conduct 
future treatability testing. Potassium ferrate precipitation would be dropped from further 
consideration if positive results are not indicated. 

Membrane filtration (microfiltration) was also a unit operation in the OU 2 Surface Water IM/IRA 
treatment system, and was successful in removing precipitated metals and radionuclides. Some 
difficulties were encountered in the membrane cleaning process; however, these problems were 
resolved and overall results of this technology are favorable and should prove effective with similar 
applications with other RFP contaminated water sources. Membrane filtration has essentially been 
carried through pilot-scale treatability testing with the OU 2 IM/IRA. No additional tests would 
therefore be needed to demonstrate i ts effectiveness. 

A.3.2 SoWSediment Treatment Technologies 

Technologies selected for bench or laboratory scale treatability studies in the TSP for RFP soil and 
sediments were: 

Physical Separation 
TR Uclean" 
Polymerization Stabilization - Epoxy 
Polymerization Stabilization - Polyester 
Portland Cement Stabilization 
Masonry Cement Stabilization 
Soil Washing 
Magnetic Separation. 

As discussed in Section 5.2.3.1 of this FY 93 Annual Report, treatability tests have been 
performed on plutonium-contaminated soils from the RFP using AWC's TRUclean" process. 
TRUclean" is a physical separation process that isolates fractions of soil based on factors ,which 
include particle size and density. Preliminary results of the treatability study indicate that the 
identified clean-up goal of 0.9 pCi/g plutonium 239 and 240 can likely be achieved through size 
fractionation of the RFP soil; i.e., all soil material greater than 1 /4 inch, when separated from the 
bulk soil sample, had a total plutonium activity of less than the clean-up goal. This size fraction 
amounts to approximately 45 percent of the soils in vicinity of the RFP 903 Pad. Further tests 
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using various unit operations of the TRUclean" process on the -1/4 inch material did not achieve 
the clean-up goal of 0.9 pCi/g. Overall, results of the TRUclean" tests suggest that physical 
separation techniques are viable options for achieving volume reductions in radioactively 
contaminated (specifically plutonium) soils at the RFP. Before further tests with physical separation 
are performed, clarification of clean-up goals for radionuclides in soils should be addressed. A firm 
definition of soil standards would allow physical separation processes such as TRUclean" to  be 
evaluated more effectively in terms of its ability t o  meet treatment needs at RFP. However, future 
treatability testing of specific individual unit operations which comprise the TRUclean" process is 
recommended to evaluate their individual effectiveness. These specific unit operations would be 
dropped from further consideration only if such tests indicated ineffective treatment. 

Full-scale stabilization operations at  the RFP have met with success in terms of meeting waste 
acceptance criteria for the disposal of stabilized material (i.e., Solar Ponds Pondcrete evaluation). 
However, experience indicates that increases in waste volume associated with stabilization 

"technologies identified in the TSP may be prohibitive in considering waste storage volume 
limitations at RFP. DOE may prefer to  find either alternative stabilization techniques which do not 
increase waste volume significantly, or innovative technologies that provide contaminant isolation 
to reduce waste volume significantly prior to  stabilization. This technology is recommended for 
future treatability testing only if the potential exists for minimizing waste volume increases that are 
acceptable given storage availability at RFP. 

Soil washing was identified for treatability studies for isolation/recovery of metals/radionuclides 
(although soil washing is also a demonstrated technology for the isolation/recovery of various 
organic contaminants). Very preliminary tests have been performed with soil washing to  determine 
its effectiveness at recovering plutonium from RFP soils (see Section 5.2.3.2 of this FY 93 Annual 
Report). These tests met with limited success, although the available test data do not allow a 
thorough evaluation of the effectiveness of soil washing. The limited success to  date does, 
however, lend support t o  recommending future treatability tests with soil washing, which would 
only be dropped from further consideration i f  conclusive results indicate its ineffectiveness. 

Plutonium-contaminated soils from RFP (similar to those used in the TRUclean" process tests 
described above) will undergo recommended treatability tests for plutonium isolation with HGMS 
beginning in FY 94. A workplan has been prepared for conducting the treatability tests. These 
tests will be performed at LANL on soils retrieved from RFP. Due to  the test results described to 
date for the TRUclean" process, treatability work with HGMS would also be expected to  yield 
favorable results. 

r 
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A.4 EVALUATION OF THE TECHNOLOGY SELECTION PROCESS 

The Rocky Mountain Universities Consortium provided EG&G with an independent reviewheport 
of the TSP. The consortium was formed to provide independent review and assessment of 
environmental restoration efforts. It is comprised of universities from several western states. 
Reviews are conducted independently by selected teams of faculty and reiearch staff. The review 
of the TSP was directed towards Sections 3, 5, and 6 and Appendices B and C of the FY 93 
Annual Report. The review team consisted of two environmental engineers and a chemical 
engineer. 

The review team's .major conclusions and recommendations focused on the technology screening 
process utilized in the TSP. Specific recommendations provided by the consortium and appropriate 
discussions of the recommendations follow. 

Site characterization data should be compiled for each OU to support the technology 
selection process. 

Discussion: 

Generally, the background on site contamination provided in Section 4 of the FTSP 
contains sufficient detail to permit a thorough screening of potentially applicable 
treatment technologies. This section identifies, by OU, the categories of contaminants 
(e.g., VOCs, metals, radionuclides, etc.) present and the types of contaminated media 
(e.g., groundwater, surface soil, etc.). 

Engineering predesign of treatment trains early in the investigation using site-specific 
data should be an integral part of the technology selection process. 

Discussion: 

Technology screening occurs for a given category of contaminant in a given medium 

(e.g., VOCs in groundwater). This allows the screening process to be focused. Other 
technologies (unit operations of a complete treatment train) would likely deal with 
treatment of other categories of contaminants such as radionuclides in the same 
medium. Although conditioning, or pretreatment, would still be an important element 
of an overall treatment system, it is generally not a critical element in terms of 
treatment viability. Since the technologies can be screened independently, there is no 
reason to evaluate the design of treatment trains early in the investigation, except to 
determine if a complete waste stream can be treated to remove, stabilize, etc. all the 
contaminants. 
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The technology selection process for each OU should not be limited to  individual 
technologies in isolation but should consider combinations of technologies. 

Discussion: 

The discussion provided for the second recommendation listed applies to this 

recommendation also. Generally, the combination of technologies is dependent on the 

contaminants of concern identified for an OU. For instance, an OU may have multiple 
categories of contaminants and media, but based on the results of the risk analysis 
performed for the site, some of these contaminants may not be of concern. If the 

contaminants are not contaminants of concern, and they have no regulatory limits, 

then they will not require treatment. This kind of flexibility, with regard to 

contaminants that may be targeted for cleanup through treatment, promotes the 

evaluation of individual treatment technologies as opposed to  treatment technology 
trains. 

Final technology selections should be made using criteria based upon performance, 

waste volumes, environmental impacts, and public acceptance. 

Discussion: 

Each of these criteria is considered when selecting a treatment process option for a 

given contaminated media both in the scoping for treatability studies and in the FS 
screening process. 

Innovative technologies should be considered for remediation, especially in cases 

where there is a potential for superior performance, increased protection of workers 

and the environment, and greater community acceptance of the innovative option. 

Discussion: 

Only those innovative technologies lacking performance data at the time the FTSP was 

prepared were rejected from further consideration. These technologies will be 

reevaluated with the preparation of each treatability studies annual report. If sufficient 

data has been accumulated on a given innovative technology, then it will be 

considered a viable canditate for treatability studies that are specific for the RFP. 



Some innovative technologies were retained for future consideration at the RFP. 
These technologies included: In Situ Bioremediation (for groundwater) and Radio- 
Frequency Heating (for soils and sediments). Both of these technologies are 
considered innovative; however, there, is enough data currently existing on the 
technology that indicates its potential for success in applications at the RFP. 

A.5 OTHER TECHNOLOGY SCREENING METHODS 

The U. S. EPA and the U. S. Air Force completed the Remediation Technologies Screening Matrix 
and Reference Guide (1  9931 to  summarize strengths and limitations of treatment technologies (both 
conventional and innovative) for soil, sediments, sludges, water, and air. The intent of the 
document was to  provide relevent information on a wide-variety of technologies and their relative 
ranking of applicability t o  specific contaminants in specific media. The result of the summary was 
a detailed matrix providing a visual and quick reference to  each technology discussed and its 
general applicability. The process used to assign relative scores of applicability to  the technologies 
discussed was fundamentally similar t o  the screening process described in the TSP. Technologies 
identified in the repon have been considered for potential use at RFP either in the TSP or annual 
reports. Since the EPA/Air Force document is to  be updated periodically, review of summary 
information presented in the document should be made to  evaluate whether newly identified 
technologies may be useful for RFP concerns. 
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APPENDIX B 

FY 93 RFEDS DATA AND PRELIMINARY CHEMICAL-SPECIFIC 
TSBs FOR THE SITEWIDE TREATABILITY STUDIES PROGRAM 

This appendix provides summary tables of all current RFEDS data, as well as chemical-specific TSB 
tables for RFP. The sitewide benchmark tables and corresponding summary of analytical methods 
were created to assist RFP project managers and technical staff in planning and preparing for 
documented remediation activities. The tables provide a guide in considering benchmarks 
(standards and criteria), EPA approved sampling methods, sampling detection limits, and RFP's 
sampling protocols. Tables 8-30 through 8-32 identify preliminary potential chemical-specific 
benchmarks for groundwater and surface water. The tables were designed for sitewide application 
in accordance with the IAG. Specific application of the benchmark tables and summary of 
analytical methods is left to the judgement of the individual OU managers and technical support 
staff, as the identification of specific chemicals, standards, and sampling to  be performed is OU- 

specific. 

The benchmark tables are current as of January 25, 1994 and reflect the existing final regulations 
on that date. It is recommended that managers verify the status of individual chemicals, as there 
are proposed changes to  some of the standards and criteria which may become effective in the 
near future. The benchmark tables do not include proposed standards or criteria. 

The summary of analytical methods in Table 8-33 was taken from the General Radiochemistry and 
Routine Analytical Services Protocol (GRRASP) Statement of Work (SOW) document entitled 
PART A General Analytical Services Prorocol (GASP) Organics, lnorganics, Water Quality 

Parameters, Biochemistry, Biota (EG&G August 20, 1991 ; Version 2.1 1. The laboratory required 
detection limits in the summary of GRRASP analytical methods tables are: the Contract Required 
Quantitation Limit (CRQL) or CRDL for Contract Laboratory Program (CLP) analyses, and the PQL 
for non-CLP analyses. PQL may be defined as 10 times the EPA published Method Detection Limit 
!MDL) when not othwwise published. Therefore, it will be necessary for OU marlagers to taks this 
into account when establishing which analytical method is to be used for each analyte. 

It is recommended that OU managers establishing the most appropriate analytical methods should 
review the GRRASP SOW, which outlines the analytical laboratory's requirements for sample 
analysis, deliverables, and documentation when performing analytical work for RFP. In addition, 
it is suggested to  contact EG&G's SMO for assistance. EG&G's SMO staff is responsible for 
maintaining information on historical method performance and the cost of laboratory quoted 
analytical methods. 
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Detailed discussion of EG&G's approach in using benchmarks and analyzing for specific chemicals 
is found in "A Managed Approach to Developing Analytical Programs, Site Characterization, and 
Regulatory Benchmarks" (Draft of November 4, 1993). This document focuses on the importance 
of performing different analytical methods depending on the phase of the site investigation and 
need for data. 

The following list provides descriptions of data qualifiers found in Tables B-1 through B-29. The 
lack of a qualifier on a specific data point may or may not indicate the data has been validated to 

B - For organics, the compound was also detected in the method blank. For 

metals, concentration is between CRDL and IDL. 

C - For pesticides, the identity is confirmed by gas chromatograph/mass 
spectrometer. 

D - Result computed from the diluted sample. 

E - Concentration exceeds the instrument calibration range. 

F - For organics, the concentration is estimated. The compound is off scale in both 
columns. 

G - For inorganics, the native analyte is greater than four times the spike added. 

I - Interference. 

J - Estimared. 

K - Result between IDL and MDL. 

N - For organics, the compound is tentatively identified. For inorganics, the matrix 
spike recovery is out of acceptable range. 

S - A method of standard addition is used to compute concentration. 

W - Percent recovery for pre- and post-digestion spikes exceeded the acceptable 
range. 
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X - Result is calculated manually. 

0 2 - For organics, identification is questionable. Matrix interference in columns may 

have occurred. 
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Table B-1 
FY 93 Operable Unit 1 Analytlcal Data 

Soils 
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Table B-1 
FY 93 Operable Unit 1 Analytical Data 

Soils 

- 
II I Minimum I Maximum I I Datehlinimum I DateMasimum I # o f  a 
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Table 8-2 
FY 93 Operable Unit 1 Analytical Data 

Ground Water 

1 Minimum I Maximum I 1 DateMinimum I Date Maximum I #of  1 

Page 82-1 

~~ 



Table B-2 
FY 93 O p r a b b  Unh 1 A ~ l y t i ~ ~ l  Data 

Ground Water 

Maximum I I DateMinimum I DnteMaximum I #of 1 
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Table B-3 
FY 93 O p r a b h  Unh 1 Ana)ytial Datm 

Sediments 



Table B-3 
FY 93 Opembk Unit 1 Aru)yticsl D n a  

Sediments 

\ 
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Table 8-4 

FY 93 Oporabh Udt 1 ArUhyti0.l O n .  
Surface Water 



Table B-4 
CY 92 Opormbl. Unit 1 Andytirnal Dam 

Surface Water 



Table B-5 
CY 93 O p t &  Unh 2 Aru)ytp.l Dnm 

Soils 

P ~ o  B5-1 



' Table B-6 
FY 93 Oporabb Unk 2 Ana)ytlcnl Dntn 

Ground Water 

n I Minimum I Maximum I I DateMinimum I DateMaximum I #of 
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Table B-6 
M 93 Operabb Unk 2 A~ ly t lce l  Data 

Ground Water 



Table B-6 
FY 03 Operabb Unk 2 Analytical Data 

Ground Water 
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Table B-7 
FY 93 Oporabb Unh 2 Analytlcsl Data 

Sediments 

I I Minimum I Maximum I I Date Minimum I DateMaximum I # o f  11 

I 
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Table B-8 
FY 93 Operabb Unk 2 Analytical Data 

Surface Water 

n I Minimum I Maximum I I DnteMinimum I DateMaximum I # o f  1 
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Table B-8 
FY 93 Opernbb Unk 2 Annlytlcal Data 

Surface Water 

I Minimum I Maximum I I Date Mioimum I DsteMsximurn 1 # o l  4 
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Table B-9 
Fv 83 Op.r.b(e Unit 4 An.)ytiod Data 

50i10 

n I Minimum I Maximum I I IkteMinimum I DateMnximum I #of I 



Table B-10 
FY 93 0p.rabb Unk 4 An0-1 Data 

Ground Water 



Table B-10 
FY 93 Oponbh Unh 4 A ~ ) y t k . l  Data 

Ground Water 



Table B-11 
FY 93 Opwrbl. Unk 4 ku)yrbh.l Data 

Gurf.ce Wata  a .  

P q .  e1 1-1 



Tabb B-11 
FY 93 Opud(. Unh 4 ku)vrh.l Data 

!sud.ca water 
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TaMe B-12 
FY 93 Oporebh Untt 6 Arulytk.l Doto 

50i16 



Table B-12 
FY 93 Opombh Unh 6 A ~ ) y t b . l  Data 

soils 



TaMe 8-13 
FY 93 Oporabk Unlt 6 Aru)ytloal Oeta 

Ground Wmer 



Table 8-13 
FY S3 Operabb Unk 6 AM-I Data 

Ground Water 



Table B-13 
FY 83 Oporabh Unk 6 A r u l y t h l  Data 

Ground Water 

I 



, Table 8-14 
FY 93 0 - d  Unh 6 AnJvticd Data 

!Sediments 



Table 8-14 
CY 93 Op.r.b(. Unk 6 ku)vticJ Data 

Sediment. 
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Table 8-15 
M 93 Operable Unk 6 A n e w 1  Daw 

Surface Water 

1 Maximum Date Minimum Date Maximum # of 



TaMe B-15 
M 93 Op.nbh Unk 6 AM-I Dmta 

Surface Water 

SODIUM SULFATE 8.3000 53.0000 M O L  Sep 12,1991 Dec 6,1990 38 
SOLIDS, NONVOLATILE SUSPE 6 .oooO 326.0000 M G L  May 8,1991 Oct 17,1991 81 
SPECIFIC CONDUCTIVITY 115.oooO 826.oooO US Jun21,1988 Jul7,1988 44  
STRONTIUM 0.0002 42.8000 E MGR bec8,1989 Mar 15,1990 210 
STRONTIUM-89 0 .3900  4149.0000 PClR May 3,1991 Apr 3,1990 5 6  

I- I Minimum I Maximum I I DateMinimum I DsteMaximum I #of 1 



TaMe 8-15 
FY 03 Opordm Unk 6 Arulytiocll b l a  

Surface Water 
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T a b  6-16 
FY 93 Operabh Unk 6 A M W I  Detn 

Soils 



T a b  B-16 
FY 93 Oporebb Unk 0 AM-I Deta 

soils 



TaMe 8-17 
FY 83 OperaMe Unk 6 A M ~ I  Data 

Ground Water 
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Table 8-17 
FY 93 Operabb Unk 8 Am-1 Data 

Ground Water 

I Minimum I Maximum I I DsteMinimum I DateMaximum I #of 1 



Table 8-17 
FY 93 Oporabb Unh 8 A M ~ I  Data 

Ground Water 

P8ge 81 7-3 



Table B-18 
CY 93 Opu& Unk 8 A m d y t i d  Dam 

Sadimentm 

GROSS ALPHA 11.2800 172.1000 PCllG Oct 14.1002 O d  27,1992 74 
GROSS ALPHA - DISSOLVED 0 .OoOo 1735.oooO PCllG Aug 27,1991 Nov 16,1992 20 
GROSS ALPHA - SUSPENDED 3.8400 *ooo.oooo PCVG May 20,1801 Aup 20,1089 74 
GROSS BOA I 3.oooo 39.3800 PCllG Jul 17,l  S89 Oct 28,1002 115 
GROSS BETA - DISSOLVED I 8.4600 240.4000 PCllG Aup 26,l  091 M a  26.1991 30 



Table 8-18 
FY 83 O#r.bl. Unh 6 *I).)ytiDJ Dmta 

Sedimsntr 



TaMe B-19 
FY 93 Opanbk Unk 6 AndyUcJ Data 

Surface Water 



Table E19 
FY 03 Oponb). Udt 6 AndyUcaI Data 

Sud.ce W8ter 



Table 6-19 
FV 03 Opombh Unk 6 AnJr(LG.I Data 

Surface Water 



Table 6-20 
FY 83 Oporabh Unk 7 Am-1 Dmta 

sail0 



Table B-20 
FY 93 Opombb Unk 7 A ~ l ~ t i ~ l  Data 

6011s 

URANIUM-233,-234 0.3000 2.1810 PCIM mv 30,1002 Fob 26,1003 20 
URANIUM-235 0.0170 J 0.1300 J PCIIG Fob26,1003 Dec 2,1002 
URANIUM-238 0.3800 1.0200 PCVG Dec2.1002 Fob 23,1003 21 
VANADIUM 6.3000 78.1000 MGKG Fob 25,1003 Fob 25,1993 20 
ZINC 11 .lo00 105.oooO MGKG h b  26,1003 Feb 8,1003 20 

18 . 

pi 6.6000 10.30oo PH Fob 25,1003 Mar 2,1003 10 



Table 6-21 
FY 93 Oporebh Unk 7 A-1 Data 

Ground Water 



I DsteMinimum I DsteMsximum I #of  I 

STRONTlUM-89,90 6 . 1  100 J 9.3000 PCllL Mar 4 , 1 9 9 i  M a , 1 9 8 7  65 
STRONTIUM-90 6.0800 1 .oooo PClR Jan 31,1990 May 17,1990 22 
STYRENE 6.0000 J 6.0000 J UGR Sep 20,1989 sep 20,1989 2 
SULFATE 1.7000 780.0000 MGR Mar 31,1993 Apr 20,1993 76 
SULFIDE 2 .om0 1 6.0000 MG/L May 28,1993 Apr 27,1993 24 

P8ge 821-2 



Table B-21 
FY 83 Oporsbh Unk 7 Analydlwl Data 

Ground Water 

P I Mlaimum I M8rimum I 



~~ 

Table 8-22 
FY 03 Oponbb Unk 7 AM-I Data 

Surface Water 

P.00 822-1 



Table 8-22 
FY 93 Oponbl. Unk 7 Anslvtloal Data 

Surfacce Water 



-- 
Table B-23 

FY 93 Oporabk Unit 11 Analytical Data 
Soils 



Table B-24 
FY 83 Oporabb Unk 11 AM-I Dmte 

Ground Water 



Table 8-24 
FY 03 Oporab Unk 11 A M W I  Dnm 

Ground Water 

ZINC 0.002 1 1.8396 I MOR Oct 16,1992 Mar 24.1988 48 
pH 6.6000 0.4000 I PH Doc 7,1989 Fsb 26,1980 41 
trans-l,2-DICHLOROETHENE 4.6000 Loo00 I UGR Apr 8,1987 Aug 14,1987 16 



Table B-25 
FY 93 Opemblr Unlt 11 A n a w l  h t n  

Surface Water 



Table B-25 
FY 93 Oporebl. Unk 11 AM-I Data 

Surface Water 

I I Minimum 1 Maximum I 

P8ge 826-2 



Table 6-26 
FY 93 Indwthl Ana 0pa.blr Udtr 0.1. 

Soih I 

P q e  B 2 6 1  



Table B-26 
FY 93 IndwtrW Am. 0p.bl. Unk. AnaWod Data 

soils 



Table 8-27 
FY 93 Indwtrbl A m  Oporabl. Unb AM~v~~ooI  Data 

Ground Water 

H I Minimum I Miximum I I DateMinimum I DsteMsximum I #of 



Table 8-27 
FY 93 Induotrbl A m  Oporabl. Un)b Alut@oal Data 

Ground Water 



I- 
- 

Table 6-27 
FY 93 Induatrl.1 Arne O p n b h  Unkr AM-I Dstn 

Ground Water 



Table 6-27 
FY 93 Indwtfbl Ana  Opomb Untta A ~ w k a l  Data 

Ground Waer 

pranr-1 ,J-DICHLOROPROF€NE 6.oooO J I U G R  I Sep 14,1988 I Sop 14,1988 I 

Page 8274 



Table 8-28 
FY 93 Industrid h a  O p w U  Unko Arulycb.l Dmta 

Sedinmntm 

Pq. 820-1 



Table 8-28 
FY 93 Industrid h a  0pu.bl. Unkm An3ythJ Dmta 

!%dimart. 





Table 8-29 
FY 93 Indwtrbl Aroo Oporabl. Unb  A ~ ) y t k . l  Datn 

Surtwe Water 

\ 



Table 8-29 
FY 93 lndurtrbl Ana  Opombh Untta AM-I Detn 

surfece Water 



r 

Chloride 

Fluoride 
N as N t n t e  
N as Nhte+Nitr i te  
N as N b i t e  
Sulfate 

Cyanide [Free) 

Sulfide, H2S Undiucrialed 

TABLE 8-30 - POTENTIAL CHEMICAL-SPECWIC BENCIIMARRS (JANUARY 25,1994) 
GROUNDWATER QUALITY fXANDARDS 

ALL VALUES ARE REPORTED IN ug/l UNLESS OTEIERWISE NOTED 

I 1 I STATE STANDARDS 

7647-14-5 A 

IO-l2-0 A 
A 

10-28-6 A 
1632-00-0 A 
m8-80-5 A 

14-90-8 A 

7783-06-4 A 

I lType 

.Coliform (Fecal) 10-06-0 B 1/100 ml (a)*** 
Ammonia a i  N 7764-41-7 C 
Dioxin 1746-01-6 D. 3.0E-Sth) 0th)  2 x 4  

Parameter I CAS No. I (41 
I I 

FEDERAL STANDARDS 
Statewide 

Coda miaaal 

Aluminum 7429-90-5 M 
Amimony 7440-36-0 M 
Anenic 7440-38-2 M 
Arsenic 111 M 
Anenic V M 
Barium 7440-39-3 M 
Beryllium 7440-41 -7 M 
Cadmium 7450-43-9 M- 
Cakium 7440-70-2 hl 
Cesium 1440-46-2 ht 
chromium 7450-47-3 M 

- 

- 

5Otou)(r b 

2 e p i  

I 
lCIl (b) I 100 (b) 

CDH W O a :  Grnoadwata Qoalitp Staadrdr (d) 

I IMml fi 
I I I 1 I I 

I I I I I I 
1400,001~l~ I 

I I I I I I 
I I I I 

I I 

1 I I5,oao I I I I 1 1 
I I I I I I 

I I I I I I 
50 I la, 

1 .OM 

10 10 
I00  

I 
I I I I I I 
I I 1 I I 1 

50 I I la, 
I I I I I 



so-mi 

W - W 1  

# 



I I € 1  I I 1 I I 
I 

I I I I I I I I 

I I 1 I I I I I 

1 I I I I 1 I I 
1 I I 1 I I I I 

I I I I I I I I 
mu I 1 

I I I I I I I I 

I I I I I I I I 
Ob[ 001 

I I I 1 I 1 I I 

98100 to 1 

m 0 0  

I I €9100 I I I I I 
7 m n  I m n  I 



l’hI3LE B-?O - POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
- GROUNDWATER QUALITY SANDARDS 

ALL VALUES ARE REPORTED IN ugll UNLESS OTIIERWISE NOTED 

1 I STATE STANDARDS 1 
FEDERAL STANDARDS 

Statewide 
CDH WQCX Groundwater Quality Standardr (d) 

Sik-Spaific (E) 

Table 6 
Radionoelides 

I 

Table 1 I Table2 I 
Humam Seoadur Tabk3 I Tabkl I TabkS I Woman I Walanl I 

1 I I I I I I 

I I I I I I 
IO.@ I 0.05 

I I I 1 
I I I I 1 I 

I Is0 Is0 I 
7 I I  
5 19 
OS6 0.05 
IS IS 
5 5 

171 
1x6) 



TABLE n- 70 - POTENTIAL CIIEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
GROUNDWATER QUALITY STANDARDS 

ALL VALUES ARE REPORTED IN ug/l UNLESS OTHERWISE NOTED 

bis(2-ChloroboproW I)elha 108-60-1 SV 
bir(2-l3bylhuryl)phtbalate 117-81-7 SV 6(h) 0 0) 
~Di(Z-~hylhe~l)phtbalate) 
Butadiene 106-99-0 sv 
Butylbenzylphthalate 85-68-7 sv 
Chlorinated &hen sv 
Chlorinated Naphthalene S\ 

STATE STANDARDS 
CDH WOCC Grooadwrla Qmrlity Standards (d) 

98tearide I Sic-Sptxific (E) 
I 1 1 I I 

Tabk 6 
Rdioaoclider 

I I I I I I I 
I I I I I I I 

. . .. 

3.m-06 

I 

I I I I 1 I 
~~ 

I 







TABLE 13-30 - POTENTIAL CtIEMICAL-SPECWIC BENCHMARKS (JANUARY 25,1994) 
GROUNDWATER Q U A L W  STANDARDS 

ALL VALUES ARE REPORTED IN ugll UNLESS OTHERWISE NOTED 

5 (b O(b) 5 

S(a) O(r) 5 

1O.OOO I b) 

rl,OO!l (b) l.m (b) 1,OOO 

1O.ooO I b\ 

FEDERAL STANDARDS 

SDWA 
SDWA Mariamm RCRA 

Maximum Cootamiaamt Subpart P 
Codamiuaut  Level Limit 

Level Goal ld 

Vinyl Acetate I 108-05-4 1 V 
Xvlena (total) 1 1330-20-7 I V 

S(alcaride 

TabkA 
ldl lSl 

Site-Specific (E) 

Tabk 1 Tabkt 
Hamam Sccomdary Table3 Table4 
HuMb Drintimg Ag r icuhore TDS 

Tabk 6 
Radionuclides 

TabkS W o r m  Walam 
Chronic Cree& Creek 

Ethykne Oxide 
Halomethanes 
Methylene Chloride 
Styrene 
Tetrachloroethana 
Tetrachloroethene 
Toluene 
T r i c b l a a t h a n a  
Trichloroa h m e  

J I A 1 C J I A n  UANUJ 

15-21-8 V 
V 

15-09-2 v 
100-42-5 V 

127-18-4 V . 
108-88-3 V 

V 
79-01-6 V 

v -  

100 (a) 
S(h) 
100 (b) 

I I I I I I 
I 1 10.19 . I 

I 1 1 I O(b) 
lU3(b) 

0.8 

I I I I I I 
I I I I I I 

EXPIANATION OF TABLE AND ENDNOTES 
= secondary maximum comminaot kl; TBc( 

** = total tribalometbanes: chloroform. homdonn, luomodichlorowtbae, dihomochbmnethrac 
*** = Posaiie sample 00 mate thn oacclmoath (40 aampWmnth)  

CDH - Colorado Department OF H a h h  
CERCLA = Comprcbcruivc Environ-l Rapoasc, Cornpenration. a d  Liabilky Ad 
CFR - Code of Fcdarl Reylationa 
EPA = Environmental Rdsctiaa Ageay 
NCP * National Gmtingcaey Plan 
pein * picoatria pa Eta 
PCB = polychkrinated biphtngl 
RFP = R o d y  Flab Plant 
SDWA = Safe D r i a t i g  Water Ad 
sw = solid waate 
TIC = Tentatively IdentiIiedComporrd 
Ogn- miempnms pa t i t a  
WOOC Water Charity Control Commitrim 
MF/I = millioo fibcawliter 

. 8 , :. .* 
, .  

(1) TDSstrndard - secTaMe4in(d);staadudis400mg/lor 1 . 2 5 t i m a t b e b a c k g r o u d M , w h c k  blaatratr&k 
(2) Ifbochctrontium-90andtritiumarrprcrea, thesumoflhcir annualdarecqukrkdrtoboacmrrmrwshrUoocewsd4~ 
(3) MDL for Radium 226 is 0.5 MDL for radium ZUI is 1 
(4) I)rpc abbrcviationiare: A-anion; B=bactaia;C=ation; D=dioxin; E = e k w n t ;  FP=fieldpararncta; H=bcrbicide; IN=inorganic; Mmmetnl; P=pcaiciide; PP=~i f ide /pcB;  

R=radionuctide; SV=mi-uolat ik;  V-olatik 
(9 Where the standard is below (more s t r i ~ e d  than) the PQL, the FQL is intapraed t o  be compliance k I  
(6) Value for gross alpha excludes uranium 



TABLE l3-30 - POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
GROUNDWATER QUALITY mANDARDS 

ALL VALUES ARE REPORTED IN ug/l UNLESS OTHERWISE NOTED 

(7) Average annual Concentration of beta par l ick and photon reactivity canna exceed 4 m i l l i r ~ e a r  dose equivaknt 

(a) EPA National Primary and Saondaryhinking Water Regulations, 40 CFR 141 and 40CFR 143(asofS/l9DO) 
(b) EPA National Primary and Saondary Drinking Water Regulations. 40 CFR P a m  141,142.l4~ Final Ruk. E l l d i v e  July 30,1992 (Sa Federal Regher  3S!& l/30/1991) 
(c) NCP. 40 CFR 300. NCP Preamble 55 FR 8764; CERCLACompliance wkh Other Law Manual, EPA/MW-89/abS, A q u a  1938,loCFR 264.94 
(d) C D W a t e r  Quality Coturol Commission. The Basie !%andads for Ground Water. J.II.O(SCCR 1002-8) 115/19sr effective I lnO/l991; utewideradiorctive standards listed in 3.1 1. S(CH2) 
(e) EPA National Primary and Secondary Drinking Water Reg1:lations. 40 CFR Pam 141, 142, 143, Final Ruk, ENeUive January 1.1993 (SaFR 3(a66F 7/1/1991) 
(9 EPA Maximum Contaminant Levcl Goab and National Rimary Drinking Water Regulations for Lead a n d c o p P r ,  40CFR 141 a d  142 (56FR 26460; 6/7/91), and 57 FR 28785; (6429P2) 

e l l a w e  Iu1/92;  MCLGs ellsctiwe 111U691. Adion kvel in 10% or kssof tap umpks fa mal l  and mcdium-dzd mans. 
(g) C D W a t e r  Quality Cordrol Commissim. C h s i f i t i o n s  and Wata Quality Standards for Ground Wata. 3.12Oeffeetive InlD4. 
(h) EPA National Primary Drinking W a t a  Regnlations.4OCC.R 141 and 142, Final Ruk, Effdke J inuuy 17,1994 
(i) EPA National Rimary Drinking W a t a  Regnlations.4OCFR 141. Pdponcmmt of Final R e k  and Recoaridaatioa (57 FR 22178) - no cNectkc date established. 

m-m1 



Arsenic 111 
Anenic V 
Barium 
Beryl1 i urn 
Cadmium ' 
Calcium 
Cesium 

M 360 190 
M 850 48 

7440-39-3 M 2,Ooo(~) %.ooo (e) 1 ,Ooo 
7440-41-7 M 4(h) 4 [h) 130 S.3 
7440- 13-9 M 10(a) S (b) S (b) 3.9 (3) 1.1 (3) 10 

0.0068.. 0.117.. 

7440 70-2 M 
7440- 46-2 M 



lA l31 ,E  13-31 - POT13Nl’lAL CIIEMICAL-SPECIFIC BENCIIMARKS (JANUARY 25, 1994) 
FEDERAL SURFACE WATER QUALITY STANDARDS 

AI.!* VALUES ARE REPORTED IN ug/l UNLESS OTHERWISE NOTED 

SDWA SDWA 
Maximum Maximam 

Type Cootaminant Cootaminant 
Parameter CASNo. (7 )  Level Lcvcl 

SDWA 
Maximum 

ConIamioaol 
Level 
Goals 

~~ 

CWA CWA 
AWQC for Protcctioo of AWQC for Protection of 

SDWA Aquatic Life (c) Humao Health [c) 
Maximum 

Contaminant W a t a  and Fish 

Gmlr Value Value larestion Onlv 
Lcvcl Acute Chronic Firh Consumption 



TAl3f-E 15-31 - I’OTliNTlAL CfiEMICAL-SPECIFIC BENCI1MAHKS (JANUARY 25, 1994) 
FEDERAL SURFACE WATER QUALITY STANDARDS 

ALI, VALUES ARE REPORTED IN ug/l UNLESS OTHeRWISE N O I E D  



'I'ARLE 13-3 

SDWA 
Maximum 

Type Contaminant 
Parameter CAS No. fn k c l  

I I 

- POTENTIAL C H E M I C A L - S P E C I F I C  BENCHMARKS (JANUARY 25,1994) 
FEDERAL S U R F A C E  WATER QUALITY STANDARDS 

ALL VALUES ARE REPORTED IN ug/l UNLESS OTHERWISE NOTED 

CWA CWA 
AWOC for Protection o f  AWQC for Protcclion of 

SDWA SDWA Aquatic Life (c) Human Health @- 
SDWA Maximum Madmom 

Maximum Contaminan1 Can~aminsnl Water and Fisb 
Contamiaant Level Level Acule Cbrouic Fiab Coorumption 

Lcvel Goals Goals Value Value Ioccstioa Oolv 

1,2,4,!5-Terrachlorobenzene 95-94-1 SV 38 48 
1.2,4-Trichlorobenzene 120-52-1 SV 70(h) 70 [h) 
1J-Dichlorobenacne (Ortho) 45-50-1 SV 600(b) 6OO(b) 
1 J-Diphenylhydrazine 122-66-7 SV 270(1) 0.042 0.56 
1,3-Dichlorobenacne (Meta) 541-73-1 SV 
1,4-Dichlorobenrrne (Para) 106-46-7 SV 75(a) 75 [a) 

2,4,6-Trichlorophenol 88-w-2 sv 970(1) 12 '* 3.6 ** 
2.4,5 -Trichlorophenol 95-95-4 sv 2,600 

L2,4- Dichlorophenol 120-,.\-2 sv 2,020 ( I )  365(1) 3,090 

I I I I I I I 

I I I I I I 
I 

(4) 
15 (a)(8) 
50 (s)(4)(6) 

I I 

I 



TAI3LE 13-31 - POT13NTIAL CIIEMICAL-SPECIFIC BENCHMARKS (JANUARY 25, 1994) 
FEDERAL SURFACE WATER QUALITY STANDARDS 

ALI. VALUES ARE REPORTED IN ug/l UNLESS OTHERWISE NOTED 

Anthracene 
Benzidine 
Benzoic Acid 
Benzo(a)anlhracenc 
Benzo(a)py?ene 
Benzo(b)nuoranthene 
Benzo(g,h.i)wwlenc 
B e n N  k)fluoranlhenc 
Benzyl Alcohol 
bis(2-Chlorocthoxy)methane 
bis(2 - Olloroet hylkther 
bis(Ch1oromethyl)elher 
bis(2-U1loroisopro~)eIher 
bis(2- Ethylhexyi)phthalate 
/Di(2-ethylhexyl)phthalate) 
Butadiene 

120-12-7 SV 
92-87-5 SV 2300 ldOE-04 5.308-04 
65-85-0 SV 
56-'5-3 SV 
50-32-8 SV 0.2fh) 0th) 
205-9-2 SV 
191-24-2 SV 
207-08-9 SV 
100-51-6 SV 
111-91-1 SV 
111-44-4 SV 0.03, 1.36 ** 

SV 0.00376 0.00184 
108-60-1 SV 34.7 4.360 
117-81-7 SV 6(h) 0 (h) 

106-99-0 SV 



TAI31,E B -  31 - POTENIIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
FEDERAL SURFACE WATER QUALITY STANDARDS 

A L I ,  VALUES ARE REPORTED IN ug/l UNLESS OTHERWISE NOTED 



SDWA 
Maximum 

Qpc Contaminant 
Parameter CAS No. /71 b e l  

Pentachlorinated Ethanes sv 
Pentachlorobcnrene 608-93-5 sv 
Pentachlorophenol 87-8/;-5 SV 
Fnanthrene 85-01-8 SV 
Phenol 108-95-2 sv 
Phthalate Esters sv 
Polynuclear Aromatic Hydrocarbons 10--3-7 SV 
Pyrene 129-(XI-0 SV 

CWA CWA 
AWQC for Protection o f  AWQC for Prntection of 

SDWA SDWA Aquatic Li fe (c) Iluman I k a l l h  (c) 
SDWA Maximom Maximom 

Maximum Contaminant Contaminan1 Water and Fish 
Contaminant Level Level Acute Chronic Fish Consumption 

Level Goals Goals Valoc Vduc lnaestion Oalv 

7,240 ( 1) 1,100(1) 
74 85 

1 (e) 0 (e) 20 * * *  13 ***  1,010 

l O J O o ( 1 ~  2,560(1) 3300 
940 ( I )  3(1) 

0 0028" O0311'* 

Bromomethane 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorinated Benzenes ' 
Chlorobenzene 
Chlorwthane 
Chloroform 

74-83-9 v 
75-15-0 V 
56-23-5 V 5(a) 0 (a) 35,200(1) 0.4 6.94 ** 

VISV 25011) 50 [I)  
108-90-7 V lW(b) 100 (b) 488 
75-w-3 v 
67-66-3 V <100(2)(a) 28,900(1) 1,240(1) 0.19 * *  15.7 * *  



Type 
Parameter  CASNo.  (7) 

Chloromethane 74-87-1 V 
Dibromoc hloromethane 124-48-1 V 
Dichloroethenes V 
Et hylbe nzene 100-.1-4 V 
Ethylene Dibromidc 106-'7-4 v 
Ethylene Oxide 75-21-8 V 
Halomethanes V 
Methylene Chloride 75-09-2 V 
Styrene 100-42-5 v 
Tetmchloroc t ha nes V 
Temchloroethene 127-18-4 V 
Toluene 108-88-3 V 
Trichloroethanes ______ V 
Trichloroeihene 79-01-6 V 
Vinyl Acetate 108-05-4 V 
Xvlenes (tomll 1330-20-7 V 

--- 

EXPLANATION OF TABLE AND END NOTES 
= secondary maximum contaminant level, TBCa 

.* = Human health criteria for carcinogens reported for three risk lmlr Value presented b the 10-5 risk I d  
= Concentration is pH dependent 

CWA CWA 
AWQC for Protection of AWQC fa Protection of 

SDWA SDWA Aquatic Lire (c) Haman Health (c) 
SDWA ' SDWA Maximum Maximum 

Maximum Maximum Coolamiorot Contaminant Water and Fish 
Contamioant Contaminrot h c l  b e l  Acute Chronic Fiab Consumption 

Level Level Goal. Gorlr Value Value lorcation Only 

<100(2)(a) 
11,600[1) 0.033.. 1.85 * *  

700 (b) 700 (b) 32,000(1) 1,400 3m 
0.05 (b) Otb) 

lOO(a) 0.19.. 15.7 ** Il,OoO[l) 
S(b) 0 [h) 

l00(b) 100 (b) 

5 (b) O(b) S%So(l) W(1) 0.80.. 8.85 ** 
I,OOO(b) I.OO0 (b) 17,SOO (1) 14,300 424,000 

9,320(1) 

18,Ooo ( I )  
5(a) 0 (a) 45,000(1) 21,900(1) 2.7 .* 80.7 ** 

10.000Ib) 1 O.Oo0 I b) 

AWQC = Ambient Water Quality Criteria 
CERCLA = Comprehensive EnvironmenIal Rtsponx, Compensation, and Liabilily Act 
CFR = Code of Fcdaal RegUhtbN 
CWA = Clean Water Act 
EPA = Emironmental Protection Agency 

PCB = polychlorinated biphenyl 
SDWA = Safe Drinking Water Act 
SS = Specia Specific 
sw = solid waste 
TIC 6 Tentatively Identified Compound 
u @ l =  micrograms per liter 
MFR. = million fibemliter 

pcin = picocurics pcr liter 



TABLE 13-37 - POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
FEDERAL SURFACE WATER QUALITY STANDARDS 

AI-1- VALUES ARE REPORTED IN ug/l UNLESS OTHERWISL! NOTED 

(1) Criteria not developed; value presented is lowest observed effects level (LOEL) 
(2 )  Total trihalomethanes: chloroform, bromoform, bromodichloromethane, dibromochloromethane 
(3) Hardness dependent criteria, calculated assuming 5 0 m d  calcium carbonate 
(4) Average annual concentration of kla particles and photon radioactivity cannot exceed 4 millircm/ycar dose quivaknt. 
(5) Standard is not adequately protective when chloride is associated with potassium, calcium, or magnesium, rather than sodium. 
(6)  I f  both strontium-90 and tritium are present, the sum of their annual dosc cquivalenta to bone marrow shall not e a r a d  4 mew. 
(7) Type abbreviations are: A=anion; B=bacteri& Creation; Dzdioxin; E=ekmenc H=herbicidc; IN=inorganic; FPPfield parameter, M=rnetal; P = p t k i d e ;  PP=pcsticidJPC& 

(8) Value for grcss alpha excludes uranium 

(a) EPA National Primary and Secondary Drinking Water Regulations, aa of May 1990.40 CFR 141 and 40 CFR 143. 
(b) EPA National Primary and Secondary Drinking Watei hegulationa, 40 CFR P a m  141,142 and 143, Final Ruk, cffcc~ive July 30.1992 (56 Fedcral R e e t a  35% 1/w1991). 
(c) EPA, Quality G i t a i a  for Protection of Aquatic Life, 1986 
(d) EPA, National Ambient Water Quality Criteria for Selrnium - 1987 
(e) EPA National Primary and Secondary Drinking Water Regulations, 40 CFR Parts 141,142, and 143, Final Rule(56 FR 30266; l / l /ISm) effecthe l/1/19!X3. 
(f) EPA Maximum Contaminant Lcvcl Goals and National Primary Drinking Water Regulations far Lead and Copper, 40 CFR 141 and 142 (56 FR2646Q f$7/lWl) cflaftk ivm. 
(g) EPA, National Ambient Water Quality Oiteria for Chloride - 1988 
(h) EPA National Primary Drinking Water Regulations, 40 CFR 141 and 142, F i ~ l  Rule, Effatk  January 17,1991 
(i) EPA National Primary Drinking Water Regulations, 40 CFR 141, Postponement of Final Rule and Reconaidcratioo (57FR 22178) - no effective date catablihcd. 

R=radionuclide; W=semi-volatilt; V=volatile 

MCU3s effective 1 VW1. Action level in 10% or less of tap sampla  f a  mrall and medium-sized ystcma 



TABLE 8-32 - POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
STATiiWIDE AND BASIN ( C D W Q C C )  SURFACE WATER QUALITY STANDARDS 

ALL VALUES ARE REPORTED IN og/l UNLESS OTHERWISE NOTeD 

I 
Chloride 7641-14-3 
Cymidc(Frcc) 14-90-8 
Fluaide IO-72-0 
N I S  Nihrlc 
N JS Nihale t Nitrite 10-20-6 
N JS Nitrite 7632-004 
SUlfJb? ma-80-3 
Sulfide. Hzs Undistocialed na3-06-4 

~~~ 

Alkalinity 
Asbcstar(IiberdL) 
Tolll Disrohred a d s  10-33-3 
Totd Gg~niC Carbon 

Aluminum 1429-90-1 
Antimony 7440- 36-( 
Arsenic 1440-38-: 
IArscnic 111 
Arsenic V 
Bqrium 1440-39-1 
Elcryilium 1440-41-' 
Cadmium 1440-43-' 
Calcium 7440-lo-: 
Cesium 7440-46-1 
Chromium 7440-47- 

Chromium VI 7440-47- 
Chromium lil 



TABLE B-32 - POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
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TARLE 3-32 - POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25, 1994) 
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TABLE B-33 SUMMARY OF GRRASP ANALYTICAL METHODS WITH DETECTION LIMITS 
WATER SAMPLES ONLY (ug/L) 

Table 1 
CLP (I) 

PARAMETER CAS No. CROL 

Acetone 

Ac lonilrile 107- 13- 1 
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nromobenzene 108-86- 1 
Bromochloromethane I 74-97-5 I 
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1,3-Dichlorobenzene 54 1-73- 1 
I .4Dichlombenzene 106-46-7 
Dichlorodifluoromethane 75-71-8 
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TABLE B-33 SUMMARY OF GRRASP ANALYTICAL METHODS WITH DETECTION LIMITS 
WATER SAMPLES ONLY (ug/L) 
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WATER SAMPLES ONLY (u@) 

33.6 
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WATER SAMPLES ONLY (u&) 

~ ~~~ ~~- 

Table 14 Table 15 Table 1-17 Table 18,1990 Table 21&22 Table 23 
CLP(1) - CRQL LGCLP(2) - CRQL 525.1 (9) - MDL 625 (10) - MDL 8270A (11) PQL 8310 (12) PQL 
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TABLE 8-33 SUMMARY OF GRRASP ANALYTICAL METHODS WITH DETECTION LIMITS 
WATER SAMPLES ONLY (u&) 

EXPLANATION OF END NOTES AND FOOTNOTES 

GRRASP - General Radiochemistry and Routine Analytical Services Protoad 

CRQL - Contract Required Quantitation Limit 
MDL - Method Detection Limit 
PQL - Practical Quantitation Limit 

CLP - Contact Laboratory hogram. Match 1990 

(1) Contract Laboratory Program - Cootract Required Qiantitatioo Limit - High Limit 
(2) Contract Laboratory Program - Cootract Requircd ()antitatioo Limit - Low Limit 
(3) Volatile Organics Regulated and Complete List - EPA Method 502.2 
(4) Volatile Organics Regulated and Complete List - EPA Method 524.2 
(5) Volatile Organics by EPA Method 624; Regulated and Complete 
(6) Ammatic Volatile Organics (BTEX) by EPA SW-P4i Method 8020A 
(7) AcroleinlCrylonitril by EPA SW-846 Method 8030A 
(8) Volatile Organics Regulated and Complete List - EPA SW-846 Method 8240A 
(9) Selected Semi-Volatile Organics Regulated and Complete - EPA Method 525.1 
(IO) Selected Semi-volatile Organics Regulated and Complete - EPA Method 625 
(1 1) Selected Semi-Volatile Organics Regulated and Complete - EPA SW-846 Method 8270A 
(12) Poly Aromatic Hydrocarbons - EPA SW-846 Metbod 8310 

33.9 
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i INTRODUCTION 

Appendix C is the second annual update to the final Workplan for  the Control of Radionuclide Levels in 
Water Discharges from the Rocky Flats Plant. This annual update mirrors the organization of Section 4.0 
of the Workplan, which described thz actual plans and work proposals designed to improve the control of 
radionuclide levels in discharges of water from the Rocky Flats Plant (RFP). This update describes the 
accomplishments of the past year in each of the four elements specified in the IAG Statement of Work, 
Section XII, and outlines current plans for future work, where appropriate. The four elements are: 

Workplan Element #1: Control of Release of Radionuclides 
Workplan Element #2: Assessment of Water Quality 
Workplan Element #3: Analytical Methods 
Workplan Element #4: Treatment Evaluations and Proposals 

It is important to note that budget restrictions andor implementation of any proposed regulatory changes 
(e.g. the Environmental Protection Agency (EPA)-proposed removal of the National Pollutant Discharge 
Elimination System (NPDES) permit for pond water discharges) could impact future plans and schedules 
that are described throughout Appendix C. 

1.0 WORKPLAN ELEMENT #1: CONTROL OF RELEASE OF 
RADIONUCLIDES 

" DOE will prepare and submit a Workplan designed to control the release of radionuclides as specified 
herein. The Workplan will require DOE to sample before any offsite discharges from onsite,ponds occur." 
(IAG 1991) 

1.1 Improving In-Pond Water Management 

The interior Ponds A-1, A-2, B-1 and B-2 are managed as a single unit. Pond levels are controlled by 
transferring all waters to Pond A-2 for spray evaporation. Spray evaporation operations are conducted in 
accordance with a draft procedure which describes the following components: assess action level, analyze, 
transfer, analyze again, spray evaporate. Spray evaporation operations and interior pond water transfers 
are closely monitored so there will be no erosion or other harm to the environment in, around, or 
downstream from the ponds. The placement and operation of the spray evaporation systems force the 
spray directly over the pond area. Spray evaporation operations are conducted during daylight hours and 
tcrminated during high winds or precipitation events. 

New spray nozzles were installed at both Pond A-2 and the Landfill Pond to increase the efficiency of 
spray evaporation. The Pond A-2 spray equipment was not used during FY93. Spray evaporation 
occurred at the Landfill Pond for approximately 130 days in  FY93, only during daylight hours. Quarterly 
samples were taken from each of the interior ponds for a complete chemical screen. Future plans include 
continued quarterly sampling. A statistical analysis of the sampling data will be used to plan future pond 
management scenarios. 

The final Workplan for  the Control of Radionuclides Levels in Water Discharges from the Rocky Flats 
Plant, 21000-WP-125 01.1, was issued in  January 1992 and recieved conditional approval from the 
Colorado Department of Health (CDH) in March 1992. Sections of the Workplan were revised and 
reissued in both April and November of 1992. The Workplan received final; approval on March 12, 1993. 
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1.2 Improving Dam Integrity 

The twelve detention dams associated with the Landfill Pond and the A-, B-, and C-series ponds are 
routinely monitored by RFP operations and surveillance personnel as part of an integrated dam safety 
program. This program minimizes the risk of dam failure and the accompanying uncontrolled release of 
potentially contaminated sediments and large quantities of impounded water. Pond pool elevations are 
recorded three times per week while dam piezometer levels at Dams A-3, A-4, B-1, B-3, B-5, C-2, and the 
Landfill Dam are generally recorded once per week. The frequency of these readings is increased when 
either heavy precipitation events or continually high pool levels occur. Additional assurances of dam 
integrity are provided by periodic inspections of embankments and side slopes, especially for cracking, 
sloughing, and seepage. Annual inspections of the surface water detention dams are also conducted by the 
U. S. Army Corps of Engineers together with the State Engineer's Office, and by the Federal Energy 
Regulatory Commission. 

A summary of fiscal year 1993 major accomplishments are as follows: 

Rehabilitation Project is complete. This Project included: 
stabilizing the downstream face of the dam, 
flattening the dam slope, and 
placing rip-rap on the spillway so that a 100-year storm event would not overtop 
any portion of the dam. 

2. A Geotechnical Engineering Report, which provided stability analysis for the A-3, B-1, B-3 
and Landfill Dams under various conditions, was completed by Woodward-Clyde in January 
1993. The report concluded that all dams were in generally good condition, but recommended the 
following actions: (a) improve routine maintenance, (b) place new riprap on the upstream slope of 
Dam A-3, (c) regrade and lower the crest elevation of the Dam B-3 spillway, and (d) repair the 
outlet works gate of the Landfill Dam. During FY94, these recommendations will be reviewed, 
prioritized, and scheduled for a phased completion. 

3. The U.S. Army Corps of Engineers completed a stability analysis of Dams A-4, B-5 and C-2 
in September 1993. which investigated the capability of the dams to safely retain high pools of 
water for an unspecified period of time. Additional geotechnical evaluations to determine design 
specifics for recommended dam upgrades to C-2, A-4, and B-5 are planned for FY94. 
Piezometers, inclinometers, and crest monuments will be installed on the terminal dams. 

4. Funding was approved and preliminary design has started for the installation of downstream 
toe protection (sand rock blankets) on A-1, A-2, B-2, B-3, B-4 and C-1 dams. Scheduled 
completion is FY94. 

5. The Colorado State Engineers Office inspected Dam C-2 in October 1993 to consider reducing 
the hazard classification to cladlevel three. In general, the structure is in good condition but the 
outlet gates should have a through cycle to ensure operable status. 

1.3 Weather-Proofing Treatment Facility 

A Project Acceptance and Transfer (PAT) was issued in April 1993 to approve the temporary Pond A-4 
Shelter for final occupancy. The Pond A-4 Shelter covers the Pond A-4 water treatment operations to 
provide inclement weather protection for water management operations and workers. The Pond A-4 
Shelter is an 8400 ft2 heated enclosure, complete with generator-powered electric lighting and propane- 
powered radiant heating to maintain a 45°F internal environment (see Figure 1.1). Filter vessels, 



Environmental Protection ManagementfSurface Water Division 
1993 Anuual Update 

Page 6 

granulated activated carbon (GAC) tanks, and other ancillary equipment are located inside the Pond A-4 
Shelter. 

Figure 1.1 - Pond A-4 Shelter. 

1.4 ReusingRecycling Pond C-2 Water 

The Pond C-2 Discharge Minimization Project (formerly entitled Pond C-2 Recycle Project) involves the 
evaluation, design, and construction of a temporary pipeline to transfer Pond C-2 water to the industrial 
raw water system for reuse in the cooling towers. Past and present water quality data from Pond C-2 show 
that the water is adequate for this use. A comparison of water consumption by the cooling towers with 
historic inflow to Pond C-2 indicates this project should be very close to achieving zero discharge in all but 
unusually high precipitation years. Planning for this project will continue throughout calendar year 1994. 

It is important to note that all operations of Pond C-2 regarding the reuse/recycling and emergency 
transfers are subject to change for compliance with new National Pollutant Discharge Elimination System 
(IWDES) requirements. The new NPDES permit negotiations between the U. S.  Environmental Protection 
Agency (EPA) and Department of Energy (DOE)/EG&G are currently underway. The Pond C-2 
operations are also subject to change with the implementation of the Pond Water Management Interim 
MeasuredInterim Remedial Action (IM/IRA). 

Progress of the Pond C-2 Discharge Minimization Project has been temporarily delayed due to concerns 
that cessation of “ond C-2 Jixharges would potentially impact downstream threatened and endangered 
species in the Plane River Basin. DOE and theU. S. Fish and Wildlife Service will begin consultations 
during FY94 to discuss resolution of these potential impacts. After full concurrence is obtained from the 
U. S. Fish and Wildlife Service, finalization of the National Environmental Policy Act (NEPA) process 
should be achieved. The revised engineering design phase for the project would then be initiated, followed 
by the construction phase. 

The Pond C-2 transfer line is an above-ground pipeline that allows transfer of water from Pond C-2 to 
Pond B-5 or Pond A-4. This pipeline is maintained for water transfers under emergency situations. If an 
emergency situation should arise from storm flows, such that over-topping the Pond C-2 darn and spillway 
is imminent, it is deemed preferable for overall public health protection to transfer the water from Pond C- 
2 to Pond B-5 or Pond A-4 rather than discharge (without analysis) directly to the Broomfield Diversion 
Ditch or Woman Creek. After an emergency transfer of water has been completed, Pond A-4 would bet 
split sampled with Colorado Department of Health (CDH) and analyzed. Upon review of analytical 



Environmental Protection ManagementlSurface Water Division 
1993 Anuual Update 

Page 7 

results, approval for discharge from Pond A-4 is given by CDH. All water transferred from Pond C-2 to 
Pond B-5 or Pond A-4 would be sampled during transfer to assess the water quality requirements 
(including radionuclide standards) as specified by the Colorado Water Quality Control Commission 
(CWQCC) for normal routine pond discharges. The transfer of water is intended as an emergency option 
to prevent over-topping of the Pond C-2 dam and spillway and is not a standard operational practice. To 
date, this pipeline has never been used. 

1.5 Sampling and Reporting Requirements 

RFP stormwater runoff and treated waste water effluent are collected in downstream holding ponds, and 
receive sampling and analysis prior to offsite discharge. RFP provides technical water management and 
water transfer and treatment capabilities to assure timely discharges of RFP pond water in accordance with 
all applicable standards for the protection of public health and the environment. These include: (1) the 
National Pollutant Discharge Elimination System (NPDES)2 permit requirements, (2) the Agreement in 
Principle (AIP)3 , and (3) the Interagency Agreement (IAG)4 The AIP and IAG require cooperative 
sampling, analysis, and water quality assessment to assure releases are safe and meet applicable standards. 
RFP continues to coordinate onsite sampling efforts with CDH and other regulatory agencies through 
appointed representatives, to assure that representative predischarge and compliance samples and results 
are available. fiFp analyzes these split samples to provide confirmatory analyses for regulatory agencies, 
as needed. The analytical results are shared with regulatory agencies and interested municipalities at 
monthly public information exchange meetings. 

In addition to the existing NPDES discharge points, the current operational configuration allows transfer of 
Pond C-2 water to the Broomfield Diversion Ditch or to Ponds B-5/A-4, and Pond B-5 water to Pond A-4. 
Pond A-3 and Pond B-5 waters are normally transferred to Pond A-4 without radionuclide sampling and 
analysis. However, the Pond A-4 discharge depends on the Pond A-4 predischarge sampling results for 
radionuclides. Pond B-5 is sampled for radionuclide analyses during transfer if heavy precipitation events 
force the transfer of Pond B-5 to Pond A-4 during Pond A-4 discharge. 

Seasonal weather conditions, unusual precipitation amounts, soil moisture, and Sewage Treatment Plant 
(STP) flows create variability in the quantity and frequency of pond transfers. However, the average 
terminal pond discharge rate from RFP is roughly 150 million gallons (Mgal)/year or 15-20 Mgal every 6 
weeks. Of this volume, approximately 113 is STP effluent and U3 is storm water flow. Each discharge 
event (approximately nine per year) requires 10-14 days to complete. 

1.6 Analysis of Minimum Detectable Activity 

Laboratory analysis reports for radionuclides provide the reported concentration of the radionuclide analyte 
along with the individual "error" and the minimum detectable activity of the analyte for that particular 
analysis. The "error" value can be defined as the adjustment used to obtain an interval which, with 95% 
confidence, contains the sample's concentration. A large reported error indicates more uncertainty in the 
reported concentration. The minimum detectable activity (MDA) is the smallest concentration that could 
have been detected for the analysis of the sample. 

* National Pollution Discharge Elimination System Permit #C0-0001333 

Agreement in Principle, State of Colorado and Department of Energy, June 1989 

Rocky Flats Interagency Agreement, Environmental Protection Agency, State of Colorado, Department 
of Energy, January, 1991 
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New sampling protocol was initiated in November 1992, and is described in the 1992 Annual Update to 
this Workplan (see Table 1.1). Radionuclide data from 306 samples collected during 1992 and 1993 were 
statistically examined to determine the relationship between the volume of the sample analyzed and the 
sizes of the reported error and MDA. 

Week 1 

Week 

Number 

1 In-pond Depth 4 liter 
Composite Sample 

Sampling Scheme 

1 In-pond Depth 
Composite Sample 

Week 2 

Analytical 
Volume 

4 liter 

Week 3 

Week 4 

Week 5 

Week 6 

Week 7 

2 In-pond Depth 4 liter 
Composited Sample 
(CDH splits) 

1 In-pond Depth 4 liter 
Composited Sample 

1 In-pond Depth 4 liter 
Composited Sample 

Seven Daily 7 liter 
(Discharge) Samples 

Seven Daily 7 liter 
(Discharge) Samples 

Approximate MDA 
for 

Pu /Am 

0.02 pcI/L* 

0.02 pCi/L 

0.02 pCiL 

0.02 pcI/L I 
0.02 pci/L 

0.01 pCiL I 
0.01 pci/L 

I 

Table 1.1 - Current Sampling Schedule for Pond A-4 

Tables 1.2 through 1.5 summarize the relationship between sample volume and the plutonium- 
239/240 MDA, americium-241 MDA, plutonium error, and americium error, respectively. The data are 
also graphically presented using boxplots in Figures 1.2 through 1.5. The box connects the 25th and 75th 
percentiles of the data. A horizontal line represents the median of the data, and a star represents the mean. 
Vertical lines are drawn to the minimum and maximum data points that are at a distance from the box of no 
more than 1.5 times the length of the box. Data values exceeding this distance from the box are 
individually denoted by squares. 

These graphics show that the MDA decreases as the sample volume increases and the variability in the 
MDA values also decreases with larger volumes. The largest changes occur between samples of one liter 
and samples exceeding one liter. Tables 1.2 and 1.3 also show the number of samples for which the MDA 
exceeds the CWQCC Segment 4 standard for the analyte. Over 20% of the one-liter samples yield an 
MDA exceeding this standard, while no MDA exceeds the standard on the larger sample volumes. 

Similar relationships are found for the reported error. Figures 1.4 and 1.5 and Tables 1.4 and 1.5 show that 
both the mean and variability of the reported error decrease with larger sample volumes. 
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Table 1.3 - Americium-24 1 MDA Data Summaries 

~~ 

Table 1.4 - Plutonium-239/240 Error Data Summaries 

Table 1.5 - Americium-241 Error Data Summaries 
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Figure 1.2 - Plutonium-239/240 Minimum Detectable Amount 
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Figure 1.3 - Americium-241 Minimum Detectable Amount 
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Parametric and nonparametric analyses of variance methods were applied to the data for sample volumes of 
1, 4, and 7 liters. These three volumes were chosen because much less data are available for the other 
sample volumes. Analyses on plutonium MDA, americium MDA, plutonium error, and americium error 
indicate differences between the results for each volume. The observed p-values from all analyses are less 
than 0.0001, indicating the level of significance between the means of the results at these volumes. Figures 
1.6 and 1.7 show the relationships between the MDA value and the date on which the sample was taken. 
These relationships should correspond very closely to the relationships between the MDA values and the 
date on which the laboratory analysis was performed. The plots show no dramatic trends or shifts over 
time. In particular, the plots do not show any decrease in the MDA during 1993. 

2.0 WORKPLAN ELEMENT #2: ASSESSMENT OF WATER OUALITY 

Tables of summary statistics and graphical results are presented for radionuclide levels in surface water 
samples taken from Ponds A-4, C-1, C-2 , and Walnut Creek at Indiana Street sampling locations. The 
samples were collected during the time period from January 1988 to July 1993. For most of the 
analytellocation combinations, the data show smaller mean concentrations and smaller variation for the 
1992 through 1993 time period than for earlier time periods. 

Summary statistics for plutonium-239/240. americium-24 1, uranium-2331234 and uranium-238 are 
presented in Tables 2.1 through 2.4. Each table presents the results by sampling location and time frame. 
The results are presented for the 1988 through 1989, the 1990 through 1991, and the 1992 through 1993 
time periods. The 1992 through 1993 time period'contains samples taken through July 1, 1993. 

These tables show that, for all analytellocation combinations, the standard deviations of concentrations 
during the 1992 through 1993 time period are either smaller or approximately the same as those during the 
earlier time periods. The 1992-1993 means are smaller than the 1988-89 and 1990-91 means for most of 
the analytellocation combinations. 

These trends are also evident in graphical representations of the data. Frequency histograms for 
plutonium-239/240, americium-24 1, uranium-233/234, and uranium-238 for the four sampling locations 
are presented in Figures 2.1 through 2.16. The histograms are comprised of rectangles showing the 
distribution of the concentrations. The width of each rectangle represents an interval of values, and the 
height of each rectangle represents the number, or frequency, of samples with concentrations in that 
interval. For each location, separate histograms are made for each time period. The same frequency scale 
is used for all histograms to facilitate direct comparisons between radionuclides, locations, and/or time 
periods. 

Additional plots were created, but not included in this report which indicate plutonium-239/240 and 
alnericium-24 I not showing any noticeable time rffects fGr the majority 0:' valLts. However, fewer 
outlying concentrations appear in the 1992 through 1993 time period than in the earlier time periods, 
resulting in both smaller mean concentrations and smaller standard deviations. The plots for uranium- 
233/234, and uranium-238 indicate distinct trends of decreasing mean concentration and decreasing 
variation over time at the Pond A-4 and the Walnut Creek at Indiana Street locations. 

No noticeable seasonal trends were seen in the data. The plots for uranium-2331234 and uranium-238 at 
Pond C-1 show some runs of increasing and decreasing concentrations. However, closer examination of 
these runs does not reveal any seasonal pattern, as the behavior of the runs differs from year to year. 
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Location 

1988-1989 Mean (pCi/L) 
Sample Size 

Std. Dev. 
Sample Size 

Std. Dev. 
Sample Size 

Std Dev. 

1990-1991 Mean(pCi/L) 

1992-1993 Mean (pCi/L) 

Table 2.1 - Summary Statistics for Plutonium-239/240 
Pond A-4 ' Pond C-1 I Pond C-2 I Walnut 

26 74 i 11  1 53 
0.01 2 0.008 0.043 0.014 
0.028 0.016 0.050 0.024 

109 98 i 29 I 110 
0.009 0.007 I 0.007 I 0.009 
0.025 0.018 I 0.019 0.022 

71 74 22 30 
0.001 0.001 1 0.006 0.002 
0.010 0.006 I 0.006 , 0.010 

Location 

1988-1989 Mean (pCi/L) 
Sample Size 

Std. Dev. 
Sample Size 

1990-1991 Mean (pCi/L) 
Std. Dev. 
Sample Size 

IStd. Dev. 
1992-1993 [Mean (pCi/L) 

Table 2.2 - Summaw Statistics for Americium-241 
Pond A-4 Pond C-1 ! Pond C-2 i Walnut 

26 75 I 10 I 53 
2.147 0.768 I 0.790 2.253 
0.707 0.665 I 0.487 1.333 
112 102 I 30 111 

0.998 0.667 I 1.269 1.080 
0.783 0.528 ' 0.523 I 0.617 

71 73 , 25 I 28 
0.740 0.781 0.867 I 0.824 
0.277 0.287 0.163 I 0.318 

Table 2.3 - Summary Statistics for Uranium-23Y234 

Table 2.4 - Summary Statistics for Uranium-238 
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Figure 2.1 - Plutonium-2391240 Concentration in Pond A-4 
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Figure 2.2 - Plutonium-239/240 Concentration at Pond C-1 
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Figure 2.4 - Plutonium-239/240 Concentration at WalnutAndiana 
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Figure 2.5 - Americium-241 Concentration in Pond A-4 

Figure 2.6 - Americium-241 Concentration in Pond C-1 
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Figure 2.10 - Uranium-233/234 Concentration in Pond C- I 
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Figure 2.13 - Uranium-238 Concentration in Pond A-4 
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3.0 WORKPLAN ELEMENT #3: ANALYTICAL METHODS 

3.1 General Considerations 

The Workplan will establish validated methods as identified by EPA and the State, including as 
appropriate, the methods delineated in 40 CFR 141.25, to determine concentrations of the parameters 
below. For parameters for which no validated standard analytical method exists, DOE will propose an 
analytical method for EPA and State approval. " (IAG 1991) 

This section describes the improvements that have been made in 1993 concerning radionuclide ,analytical 
capability. Improvement areas include MDA and particle counting analysis. 

3.2 Minimum Detectable Activity 

The original Workplan described several approaches to improve analytical performance: improving 
detection limits, increasing analytical sensitivity, improving chemical separations, increasing sample 
volumes, and increasing counting times. The simplest approach, increasing sample volumes, was 
evaluated first. 

The original Workplan stated that MDAs for recent historical radiometric data from RFF' approximated a 
0.08 pCi/L level for the typical one liter sample. Following a transition period which started in November 
1992, the sample volumes for plutonium and americium were routinely increased to four liters (for non- 
discharge samples) or seven liters (for discharge samples). The sample MDAs and associated sample error 
were significantly reduced, as shown in the figures and tables for section 1.6. 

3.3 Particle Analysis System 

Water characterization information shows much of the residual plutonium in surface water is asociated 
with waterborne particulate matter. Some with micron and submicron sized particles. Thus, monitoring 
particulate levels can provide a near real-time measure of plutonium contaminant levels. 

Particle counting, being an established technology, is finding greater applicability to water treatment for 
domestic use and environmental applications. Water treatment technological advances are driven by public 
demand for improved drinking water quality, and managing water and treatment in the environmental and 
restoration applications. 

Pnrticle counti.;g in filtration processes is directly applicable at F@P and in industry to include drinking 
water treatment, storm water treatment, and environmental restoration water methods. Water filtration 
processes may be improved by applying real-time or discrete sample mode monitoring and control methods 
with particle counting technology. Particle counting simultaneously sizes and enumerates individual 
particles providing distinct particle distribution profiles. Particle count and size distribution data can be 
used to monitor many types of water filtration systems to assess the effective removal of micron-sized 
particulate material. This attribute has broad applicability to water treatment process control, design, and 
selection as well as for establishing drinking water quality criteria. 

The applicability of particle counting technology for analysis of various water treatment systems at the 
Rocky Flats Plant was demonstrated and documented during 1993.5 The particle analysis was used to 

E. J. Moritz and C. R. Hoffman, "Environmental Applications of the Particle Analysis System". RFT- 
4738, EG&G Rocky Flats Inc., September 1993. 
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determine the water clarity of samples from environmental remediation membrane filters, storm water filter 
bags and cartridge treatments, and drinking water treatment operations. Water samples were evaluated in  
either discrete (batch sampling and measurement) or on-line mode (real-time data acquisition) from the 
RFP drinking water plant, storm water filtration operations, and RFP Operable Units 1 & 2. 

Data showed filtration efficiencies, particle counts, particle size distributions, and real-time treatment 
system performance. Filter ripening, and loading was also shown with on-line measurement and with the 
batch sampling. 

Particle counting proved more sensitive than the turbidimetric measurement technique commonly used by 
the water treatment industry. Particle counting is a two-dimensional measurement of counts and sizes, 
whereas, turbidity is a one dimensional measure of water quality. Samples showing identical turbidities 
could be distinguished easily with the Particle Analysis System, (PAS). 

The PAS is proving to be an efficient and reliable water quality measurement tool, and applicable to a 
variety of water treatment systems at RFP. Filtration technologies tested are reported in Workplan Element 
#I4 along with the application of the PAS. 

3.4 Goals and Targets for Analytical Improvements 

Four analytical goals were identified in the original Workplan. These goals were targets towards which 
future improvements could aim. An anticipated timeframe to reach these targets was given as three to five 
years. The original targets and the progress towards them are stated as follows: 

1. "To determine compliance and acceptability of continuing discharges - develop analytical protocol 
having PdAm MDA of 20 femto Curie per liter, ( fCin)  or better with a turnaround time of 1 day or 
less. " 

Current radiometric methods have achieved a 0.01-0.02 pC& MDA, however, the method requires 10 
days. This goal would be achievable with an approximate 100-liter sample volume whose activity could be 
concentrated to produce quantifiable radiometrics within a roughly 8-hour count time. (The remaining 
time is needed for sample preparation.) Since current evaporative methods are time-inefficient and risk 
contamination at these low levels, a radioactivity scavenging pretreatment will be required. Unfortunately, 
current information on the strong association of plutonium with particulate matter suggests chemically 
selective processes like ion exchange will be ineffective at scavenginghemoval of plutonium from RFP 
surface water. Chemically non-specific technologies such as ultrafiltration, reverse osmosis, and 
coagulation filtration are potentially applicable and remain to be considered for effectiveness, reliability, 
and cost. Current operational time constraints on water management continue to allow for adequate water 
quality control 4nd monitoring in the absense of single-day analytical turnaround. 

2. "To demonstrate treatment methods to remove residual radionuclides - develop analytical protocol 
having PdAm MDA of 3 f C i n  with turnaround time of 10-14 days." 

\ 

The Los Alamos National Laboratory (LANL) has worked with RFP to demonstrate that these results are 
possible, but only under tightly controlled conditions and at a cost ten-fold higher than current protocols. 
Fortunately, current radiometric methods (reported earlier) are adequate to demonstrate compliance with 
site-specific water quality standards. 

3.  "To provide real-time radiometric measurements - develop detector with LLD of 7.5 p C i n  total alpha in 
enuent water. I' 
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At this time, commercial real-time radiometric measurement capability does not exist. 

4. “To establish -better understanding of environmental Pu - define Pu occurrence and characteristics in 
RFP pond water. ‘I 

LANL has conducted research activities under contract to RFP which define and characterize the 
occurrence of environmental plutonium at RFP. Section 4.2 of this appendix provides additional details. 

4.0 WorkDlan Element #4: Treatment Evaluations and ProDosals 

“The Workplan will require DOE to identify potential treatment technologies to be utilized in the event that 
water quality for the terminal ponds exceeds State standards. If no existing technologies adequate to 
achieve the standards are identified, DOE will use reasonable efforts to develop and implement such 
technologies. I f  achieving water quality that does not exceed the standards requires additional treatment 
or development of additional technologies, the parties agree to negotiate appropriate modifications to the 
Workplan, including schedules. (IAG 1991) 

~ 

4.1 Improving Filtration 

4.1.1 Conclusions to Date 

The primary focus of this effort is on physical separation methods, specifically filtration, rather than 
chemical treatment methods. The main goal is to improve treatments applicable to the storm water 
management practices at RFP. In order to reach this goal, the existing treatment system, from prior 
operations, still includes filter bag filtration and granular activated carbon. 

The 1993 accomplishments in improving filtration include: (1) evaluating improved filter bags and 2- 
micron filter cartridges using the Particle Analysis System, (2) testing of a microstrainer (microstraining 
would assist in removing gross solids and algae and would have been considered as the first step in 
treatment of the storm water collected in the ponds), and (3) performing a second industrial water 
treatment test using a multimedia filter. Additional details of each test are provided below. 

The filter bag pilot testing, utilizing an application of the PAS, was completed in February 1993. The filter 
bag testing was performed to evaluate improved ASTM-rated filter bags in the existing filtration equipment 
used in the past pond water treatment operations. A reduction in turbidity and total suspended solids was 
determined while total dissolved solids went unchanged. It was also found that pond water solids levels 
changed seasonally and thus have an impact on filtration. Filter breaches and filtration efficiencies were 
determined with particle counting techniques and provided a more detailed picture of water clarity. 

A cartridge filter pilot test was completed and a final report was issued in August 1993.6 This study 
determined the performance of a pilot scale cartridge filter tank utilized to treat water at Rocky Flats Plant 
terminal Pond C-2 without chemical treatment. The filter tank was fitted with eight polypropylene 
cartridges vendor rated at 99% removal efficiency for particles of 2 microns (p) and larger. The test was at 

E. J. Moritz and C. R. Hoffman, “Water Treatment Cartridge Filter Pilot Test at Pond C-2”, SWD-018- 
93, EG&G Rocky Flats Inc., August 1993. . 
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a flowrate of 200 gallons per minute in a stainless vessel. Performance was determined by measuring total 
dissolved solids (TDS), total suspended solids (TSS), nephelometric turbidity units (NTU), gross alpha (a) 
activity, gross beta (p) activity, plutonium levels, total particle counts (TPC), and differential particle 
counts (DPC) upstream and downstream from the tank at time intervals throughout the test. 

Performance testing shows that the cartridge treatment method produced a high quality effluent. TSS, 
NTU, gross a, and plutonium levels were significantly reduced for most treated water samples. TPC and 
DPC data showed a 98% removal efficiency for particles in the 1-5Op range, see Table 4.1. The particle 
distribution of the final effluent of the cartridges at the 30-minute interval is shown in Figure 4.1. This 
treatment method had no statistically significant affect on TDS and gross p activity levels. 

Time in Raw Water TPC 
Minutes 1-50 Microns 

0 77 1 7674 
5 771 7674 
10 771 7674 
15 771 7674 
30 77 1 7674 

Treated Water lPC Overall Filtration 
1-50 Min\crons Efficiency 

379054 95.1 % 
1 59234 97.9% 
243264 96.9% 
1 76404 97.7% 
181 789 97.6% 

I 

.-: 1 10 100 

Wdicle Size (Micmm) 

Figure 4.1 - Cartridge Filter Pilot Test Final Effluent Particle Distribution 

4.1.2. Future Work 

The capability to monitor and treat pond water should be maintained and improved to protect downstream 
users in the event of a surface water contamination event at RFP. This approach will assure that discharged 
water is of high quality, meets appropriate regulations and agreements and that the discharges are timely to 
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preserve adequate margins of dam safety. Therefore, actions will continue throughout 1994 to evaluate 
alternative treatment and monitoring technologies in order to implement improvements to the 
environmental surface water programs. Planned future actions include the following: 

1. A Flocculation, Plate, and Frame pilot test will be conducted at Pond A-4 for control of potential 
contaminants in surface waters. This test would work in conjunction with the previous multimedia pilot 
test and the backflush stream. This test is proposed for the summer of 1994. 

2. A Multiple Unit Water Treatment pilot test will be conducted at Pond A-4 for control of potential 
contaminants in surface waters. This pilot test will measure various treatment unit operations and is 
proposed for the summer of 1994. 

3. A pilot water treatment system will be assembled and tested for use with the Particle Analysis System 
multiple sensors. This is a bench-top set-up to validate multiple-sensor operation on-line real-time, using 
industrial standards as contaminants and testing various filters for removal of said contaminants. This set- 
up is being fabricated and tested in FY94. 

4.2 Characterizing Radionuclides 

4.2.1 Conclusions to Date 

The LANL, completed fiscal year 1993 to characterize the radioactivity in surface waters and sediments 
collected at RFP.7 The study quantified radioactivity levels and determined whether the radioactivity was 
naturally occurring or anthropogenic. The study also analyzed samples collected from locations that were 
suspected to contain radioactive sources that could increase the radioactive surface-waters inventories at 
RFP. 

Eighty-three water samples and 24 sediment samples were collected in support of the project. Over 800 
separate analyses were performed. Waters in the terminal ponds A-4, B-5, C-2 and the effluent from the 
STP were sampled monthly. The waters in Ponds A-1, A-2, A-3, B-1, B-2, B-3, B-4 and C-1 were sampled 
quarterly. Special soil, sediment, and water samples collected at locations that could affect the surface- 
waters radioactivity inventories at RFP were also analyzed. 

This project required the analytical measurement of the total alpha activity (gross alpha activity) in the 
samples, the determination of the amounts of radium, thorium, uranium, plutonium, and americium. These 
elements represent the major alpha emitting nuclides suspected in the water samples. (The results of this 
study intended to serve as a baseline by which the impact of future remediation efforts can be evaluated.) 

All of the radioactivity observed in soil, sediment, and water samples collected at RFP was naturally 
occurring, the result of processes at RFP or the result of global fallout. No extraneous anthropogenic 
alpha, beta, or gamma activities were detected. The largest source of anthropogenic radioactivity detected 
during this study .was.the sediments currently residing in the ponds. One gram of sediment from a holding 
pond contains approximately 50 times more plutonium than 1 liter of water from the pond. Plutonium and 
depleted uranium appear to be moving down the South Interceptor Ditch and through the A- 1 Bypass. 

The upper Ponds A-1, A-2, A-3, B-1, B-2, B-3, and B-4 contain measurable quantities of plutonium, 
americium, and depleted uranium. The plutonium concentrations in these ponds ranged from 0.004 to 3.09 

Erfurd, D.W., D. J. Rokop. and R. E. Pemn. Characterization of the Radioactivity in Surface-Waters and 
Sediments Collected at the Rocky Flats Facility. Los Alamos National Laboratory. LA-UR-93-4383. 
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pCi/L plutonium 239/240. The uranium concentrations ranged from 0.2 to 15.8 pCi/L. Essentially 100% 
of the uranium in Pond A-1 and Pond A-2 originated as depleted uranium. All other ponds, except Pond 
C- 1, contain mixtures of naturally occurring and depleted uranium. No depleted uranium was detected in 
Pond C- 1. 

The largest source of radioactivity in the terminal Ponds A-4, B-5 and C-2 was naturally occurring uranium 
and its decay product radium, There is 70-450 times more alpha activity resulting from the decay of 
naturally occurring radium than alpha activity resulting from the plutonium in the terminal ponds. 
Plutonium and americium concentrations in the terminal ponds were consistent with the values published in 
our previous report. The largest source of anthropogenic radioactivity in the terminal ponds was depleted 
uranium. Approximately half of the uranium present in Ponds A-4 and C-2 originated as depleted uranium. 
Approximately 20% of the uranium in the waters collected from Pond B-5 originated as depleted uranium. 

Approximately one-third of the uranium present in the effluent from the STP originated as depleted 
uranium. No depleted uranium was detected in the Raw Water Pond that supplies the water processed at 
STP. No plutonium or anthropogenic uranium was detected in the influent or effluent from the Water 
Treatment Facility at B-124. The source of depleted uranium in the effluent from STP has not been 
positively identified. 

~ 

No uranium or plutonium attributable to RFP was detected in sediments collected at the Coal Creek- 
Woman Creek Headgate. Plutonium and depleted uranium were detected in sediments collected from the 
Walnut and Indiana Street Sampling Pond. This indicates that the depleted uranium and plutonium are 
entering the surface waters at the RFP site. 

Plutonium and depleted uranium were detected in soil samples collected from the South Interceptor Ditch. 
The plutonium and uranium concentrations varied from location to location within the South Interceptor 
Ditch. This suggests that these materials are entering the ditch at specific places. The uranium in the 
sediments collected from Pond C-1 is naturally occurring uranium. Approximately 50% of the uranium 
detected in the waters and 90% of the uranium detected in the sediment sample collected from Pond C-2 
were anthropogenic. This implies that the depleted uranium is being transported down the South 
Interceptor Ditch by water into Pond C-2. 

Radium activities in the water samples were consistent with the activities predicted to be present from the 
naturally occumng uranium. In general, the radium activities were lower than the total uranium activities. 
This is explained by the fact that the water samples contained depleted uranium. The radium is chemically 
separated during uranium processing. The depleted uranium released into the environment did not contain 
large amounts of radium. 

The plutonium conczntrations in Pond C-2 appear to vary seasonally. 

4.2.2 Future Work 

Research to date -has provided significant improvements in the areas of radionuclide quantification and 
characterization. For example, this is the first reported study which identified and utilized the separation of 
uranium in environmental samples into its naturally occumng and its anthropogenic components. This 
research is crucial for discerning the origin of radionuclide contaminated areas and determining suitable 
treatment for them. 

Funding was not available to continue research for radionuclide characterization in fiscal year 1994. If 
funding were to become available in the future, the following areas of continued research would be 
beneficial. 
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1. Characterize additional locations to determine the affect they are having on surface waters. Locations 
discovered to affect the surface waters at RFP should be sampled in a manner that provides data that can be 
modeled to predict further impacts of the site on water quality. 

2. Continue sampling efforts to characterize the depleted uranium plume that was discovered at RFP. 
Collect these samples both onsite and offsite. Monitor wells and seeps to determine if anthropogenic 
uranium is present. Analyze soil samples to determine if depleted uranium exists as surface contamination. 

3. Initiate studies to determine the cause for the seasonal variation in Pond C-2. Identification of the cause 
of the seasonal variation may provide information which is useful in guaranteeing discharges from Pond C- 
2 always remain in compliance with all appropriate regulations. 

4. Monitor Pond C-1 to determine whether the high plutonium concentration was an anomaly or an 
indication that plutonium is now being introduced into the pond, since the plutonium concentration 
measured in water collected from Pond C-1 on August 23, 1993, was significantly higher than previous 
measurements. 

5 .  Monitor Pond A-1 to determine if the increasing uranium concentration was real or a sampling artifact. 

6. Collect additional samples from the OU-4 West Holding Tank to verify or repudiate the original 
measurement of uranium that was enriched in uranium-235. Perform replicate sampling and sample the 
solar evaporation ponds in conjunction with this project. 

.I 1 
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D.l  INTRODUCTION 

Four treatment technologies were newly identified during the literature review completed in FY 93. 
These technologies are: 

e Biosorption 
0 Membrane-based oil extraction 
0 Ultrasonic degradation 
0 X-ray treatment. 

A description of each of these technologies is given in the following subsections. In addition, a 
discussion of the applications, and advantages/disadvantages of each technology is given. 

D.2 BIOSORPTION 

Biosorption is a combined sorption system comprised of a GAC support covered with a thin layer 
of micro-organisms (biofilm). The biosorption column was developed to enhance removal of 
organic pesticides from contaminated water. In addition to adsorption some biodegradation of 
pesticides occurs regenerating the GAC surfaces. Biosorption column treatment has been shown 
to significantly lower organo-chlorine and organo-phophorus pesticide concentrations in water. 
Biosorption is performed in an adsorption column filled with activated carbon and a biofilm formed 
using the microflora from an available water source. Contaminated water is treated by passing it 
through the biosorption system. 

Biosorption has been shown to be useful in the removal and potential subsequent degradation of 
organo-chlorine and organo-phosphorus pesticides from contaminated water. 

The adsorption capacity of GAC is increased by the presence of a biofilm. Microorganisms present 
in the biofilm metabolize the organic pesticide in the water, thus regenerating the surface of the 
carbon and eliminating the cost of carbon renewal. Destruction of pesticides by microbes 
eliminates additional costly treatment. This process has bee6 demonstrated in the laboratory; 
biosorption of pesticides has not been performed at pilot- or full- scale. 
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D.3 MEMBRANE-BASED OIL EXTRACTION 

MBOE is a separation process in which nonpolar, hydrophobic organic chemical species are 
extracted from aqueous solutions into oil using a hollow fiber membrane filtration system. Hollow 
fiber membranes are constructed of coated microporous polypropylene. To perform the extraction, 
the water-filled membrane fibers are immersed in nonvolatile oil. The membrane pores are air-filled 
and do not fill with water because the nonpolar character of the polypropylene prevents water 
wetting of aqueous contact surfaces, while a special coating prevents oil wetting of oil contact 
surfaces. The water is pumped through the lumen of the membrane and the oil is recirculated in 

a counter-current fashion, concentrating the contaminant in the oil. Contaminants diffuse from the 
water to the membrane surface, volatilize into the gas-filled pores through the oil contact surface 
coating and dissolve into the oil. Extraction proceeds at ambient temperature and pressure. Figure 
D-1 shows a membrane module, detailing counter-current oil and water flow. 

MBOE can theoretically be applied to any nonpolar, hydrophobic organic compounds in water such 
as VOCs and SVOCs (e.g. solvents, pesticides, or chlorinated organics). MBOE may be considered 
as a primary or secondary separation technique for the treatment of water contaminated with 
organics. Membrane separations are not applicable to soils whether in situ or ex situ. 

An alternative application of MBOE involves toxic heavy metal chelation and subsequent solvent 
extraction from aqueous waste streams. Chelation is the binding of inorganic metals by organic 
ligands with specific properties. Ligands used for MBOE would exhibit nonpolar semi-volatile or 
volatile characteristics to aid in extraction. The microporous hollow fiber solvent extraction method 
has been demonstrated to provide excellent removal of Cuz+ and Cre+. Further studies are 
currently underway to determine the effectiveness of this technology for the removal of additional 
metals. Targeted metals may include: 

e Zinc 
e Copper 

. Chromium 
e Nickel 
e Cadmiu-m 
e Mercury. 

Metallic radionuclides may also be targeted for removal from aqueous waste streams with the 

MBOE. 
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POROUS MEMBRANE 
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POROUS MEMBRANE 

NON-POROUS MEMBRANE 

Membrane Module Schematic 
Showing Fiber Cross-Section 

G Note: Figure represents information provided in pan by Zander (1 992) 
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The MBOE configuration allows for the efficient treatment of large volumes of aqueous waste 
contaminated with nonpolar hydrophobic organic material or heavy metals. Extraction yields small 
quantities of waste oil. Continuous flow MBOE removes contaminants from aqueous wastewaters 
at least an order of magnitude faster on a volume basis than separations in packed tower aerators 
and achieves excellent contaminant removals (Zander, 1 992). Additional advantages of MBOE 
follow: 

e MBOE proceeds in a closed system, preventing loss of volatiles from system. 

e Extraction occurs readily at ambient pressure; avoiding the need for a pressure 
differential as in other membrane processes such as reverse osmosis. 

e Oil and water are not in contact, eliminating back-contamination of water from the 

solvent oil. 

Additional treatment of the organic solvent (oil) may be needed following MBOE. This secondary 
treatment requirement can be easily performed using conventional treatment technologies such as 
ion exchange for metals removal. Treating the organic solvent with ion exchange for metals 
removal rather than directly treating the aqueous waste stream with ion exchange may lead to 
reduced usage of ion exchange media since competing ions that would likely be present in the 
aqueous stream would not be present in the organic solvent following selective chelation of metals. 
Efficient use of ion exchange resin eliminates the need for frequent regeneration and reduces the 
generation of brines. This technology has not yet been proven on a full scale, and further analysis 
will need to be performed to determine the economic feasibility of this extraction method. 

D.4 ULTRASONIC DEGRADATION OF CHLORINATED HYDROCARBON COMPOUNDS 

Ultrasonic degradation is the application of ultrasonic radiation to aqueous or other solvent 
Ultrasonic radiation is applied to cause specific 

functional groups that are part of contaminant molecules to separate into solution. Application 
time is a principal operational parameter. The ultrasonic radiation leads to acoustical cavitation, 
which results from the formation and subsequent collapse of small gas bubbles in the aqueous or 
solvent solution being treated. The bubbles have transient internal temperatures approaching 
5,000 degrees Kelvin. The cleavage of specific functional groups from contaminant molecules is 
a direct result of thermal pyrolytic decomposition in the hot interfacial regions of the collapsing 
cavitation bubbles, and an indirect result of reactions associated with thermally produced 'OH- 
(hydroxyl) radicals. 

, solutions containing chemical contaminants. 
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Ultrasonic degradation can be used with a variety of organic and inorganic chemicals but is best 
considered for chemically and biologically refractive compounds. Chemically and biologically 
refractive compounds are stable chemicals that resist chemical conversioq or biodegradation. For 
example, chemicals such as the chlorinated solvents carbon tetrachloride or trichloroethylene are 
refractive chemicals that are "ultrasonically" degradable. Pesticides, herbicides, pentachlorophenol 
(PCP), polychlorinated dibenzodioxins (PCDDs), and polychlorinated dibenzofurans (PCDFs) are also 
chemically refractive compounds that can be detoxified using this technology. Ultrasonic 
degradation is not useful for insitu soil treatment but may be used to treat waste solvents following 
exsitu soil extraction. For contaminated groundwater, ultrasonic degradation has potential insitu 
applicability. 

Ultrasonic degradation has been used in the laboratory to successfully degrade parathion, carbon 
tetrachloride, and hydrogen sulfide (Kotronarou et al, 1 992). Trinity Environmental Technologies 
has performed bench-scale soil extraction/ultrasonically assisted detoxification of PCB 
contaminated soils (EPA 1992). 

By-products of ultrasonic degradation include heat, chemical intermediates and ionic species. 
Trinity Environmental Technologies identified these by-products as nontoxic, while Kotronarou e t  
al (1  992) identified specific intermediate species and final by-products of decomposed parathion. 
Chemical intermediates of parathion degradation are: 

Benzoquinone 
Hydroquinone 
4-nitrocatechol 
Formic acid 
Oxalic acid 
P-nitrophenol. 

Products 0 .  complete parathion sonolysis are: 

0 Sulfate 
0 Nitrate 
0 Nitrite 
0 Chloride 
0 Carbon dioxide 
0 Phosphate. 

Figure D-2 shows a schematic of the chemical steps which occur in ultrasonic degradation. 
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Ultrasonic Degradation Schematic 

Note: Figure represents information provided in part by Kotronamu (1 992) 



Ultrasonic radiation may be generated directly from a commercially available ultrasonic radiation 
probe placed into solution or as part of a reaction vessel. Ultrasonic degradation reaction progress 
is time dependent; complete degradation requires large amounts of energy. Reactor efficiencies 
are affected by probe-surface area and configuration. 

System simplicity is the primary advantage of ultrasonic degradation. Decomposition of chemically 
and biologically refractive compounds into nontoxic by-products can be achieved without the 
addition of costly or potentially hazardous chemical reactants. Use of a probe type ultrasonic 
radiation generation device may be useful for aquifer restoration although this specific application 
has not been tested. 

Disadvantages of this technology include: required pretreatment of solid matrices, the possibility 
of incomplete degradation yielding potentially toxic intermediate species, and inefficient energy 
utiiization. While ultrasonic degradation is not as cost effective as separation or concentration 
technologies, its use may be applicable for destruction of refractive compounds not easily achieved 
by other means. 

D.5 X-RAY TREATMENT 

X-ray treatment is an effective method for destroying VOCs and SVOCs present in soil and 
aqueous solutions. The technology is capable of treating a large number of contaminants without 
any required additives or pretreatment. X-ray treatment uses ionizing radiation to bombard the 

contaminated medium with energetic photons. The collision between the energetic photons and 
matter generates energetic electrons within the contaminated medium. These electrons break up 
complex molecules to form radicals that react with organic contaminants to form water and 
harmless gases. An alternative technology which uses direct electron beam processing has been 
proven highly effective for the destruction of cjrganic contaminants in aqueous waste streams. 
However, because the eiectron beam does not penetrate very deeply into the material bcing 

processed, special material handling methods are required and can be a problem. X-ray processing 
does not have this potential problem because the penetration depth of x-rays in soil and aqueous 
media is tens of centimeters long. 

In applying x-ray treatment, a linear induction accelerator (LIA) is used to generate the x-rays by 
accelerating electron beams to energies of 1 to 5 million electron volts (MeV). A pulse of 
electrons, 55 nanoseconds in duration, is directed into the converter to generate x-rays. The x- 

rays are then directed to penetrate the waste material as shown in Figure 0-3. Electron 
accelerators offer a high level of safety because the LIA output is easily turned off by shutting 
down the electrical power. 
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Note: Figure represents information provided in part by EPA (1 992) 
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The physical mechanism for -the destruction of organic contaminants depends on the ionizing 
substrate. In oxygenated water, the energetic electrons break up water molecules to form 'OH' 
radicals that react to destroy the organic compounds. The organic contaminants are broken down 
to form simpler compounds such as water, carbon dioxide, and oxygen. This mechanism is also 
important in the treatment of nonaqueous media such as soils, sediments and sludges that have 
a high moisture content. 

X-ray processing is capable of treating a large number of organic contaminants. Organic wastes 
that may be treated include benzene, trichloroethane, trichloroethylene, and PCBs. The penetration 
depth of the x-rays allows for the treatment of large volumes of either flowing waste or waste 
contained in sealed disposal drums. 

Very l itt le quantitative information is available regarding the actual effectiveness of x-ray treatment 
of contaminated waste at this time. Several bench-scale studies are currently underway to collect 
data for the construction of a processing pilot plant, which will be utilized to examine the required 
x-ray dose for the destruction of various organic contaminants as well as the operational cost of 
meeting the necessary power requirements. 

This x-ray treatment technology effects treatment of a large number of contaminants without 
requiring any additives or pretreatment. This technology achieves high destruction efficiencies 
without any secondary treatment of air emissions or waste residuals, and large volumes of waste 
may be treated efficiently with very minimal material handling. X-ray treatment, however, has not 
been proven in the field, and additional testing and research is required to assess the advantages 
and limitations of this treatment technology. 

' 
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